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ABSTRACT
APPLICATIONS OF ALGEBRA IN COLLEGE GENERAL CHEMISTRY:
A CURRICULUM DEVELOPMENT
by
ENID LORETTA REEDER BURROWS
U n i v e r s i t y  o f  New Hampshire 
December,  1978
P r ev i ou s  s t u d i e s  by c he m i s t r y  e d u c a t o r s  have shown t h a t  
s t u d e n t s  d e f i c i e n t  in a l g e br a  s k i l l s  and s imple  mathemat ica l  
problem s o l v i n g  are l i k e l y  t o  f a i l  g e ne ra l  c h e m i s t r y .  The 
p o t e n t i a l  impact o f  t h i s  di lemma i s  o f  concern s i n c e  pro­
grams in many d i s c i p l i n e s  ( a g r i c u l t u r e ,  l i f e  s c i e n c e s ,  
h e a l t h - r e l a t e d  f i e l d s ,  pharmacy,  e n g i n e e r i n g ,  and nat ura l  
s c i e n c e s )  t y p i c a l l y  r e q u i r e  g e ne r a l  c he m i s t r y  as a p r e r e q u i ­
s i t e  t o  l a t e r  c o u r s e s .  Mathematics  e d u c a t o r s  have com­
p l a i ne d  about the  l a c k  o f  n o n - c o n t r i v e d  a p p l i c a t i o n s  in the  
curr i cu l um.  I t  has  been s ugge s t e d  t h a t  t he  i n c l u s i o n  o f  a 
r e l e v a n t  c o n t e x t u a l  s e t t i n g  may enhance the  mathemat ics  c ur ­
r icu lum.  To s o l v e  t h e s e  problems mathemat ics  curr i cul um ma­
t e r i a l s  for  m a t h e m a t i c s - d e f i c i e n t  c o l l e g e  s t u d e n t s  e n r o l l e d  
in g e ne ra l  c h e mi s tr y  were d e v e l o p e d .
The curr icul um was guided by s e v e r a l  p r i n c i p l e s  t h a t
x
were formulated to  meet t he  needs  e xp r es s ed  by both the  
chemi s try  and mathemat ics  t e a c h e r s .  Two primary p r i n c i p l e s  
were f o l l o we d :  the  mathemat ica l  s k i l l s  emphasized in the
usual  c o l l e g e  i n t e r m e d i a t e  a l ge br a  course  must be i nc lu de d  
and the  r e q u i s i s t e  mathemat ics  s k i l l s  f o r  g e n e r a l  c he m i s t r y  
must be i n c l u d e d .  To a c h i e v e  a l o g i c a l  i n t e g r a t e d  d e v e l o p ­
ment between mathemat ics  and c h e m i s t r y ,  s econdary  p r i n c i p l e s  
governing c o n t e x t u a l  s e t t i n g  and sequenc ing  were i n s t i t u t e d .  
The curriculum m a t e r i a l s  deve l oped  through t h i s  paradigm 
formed the b a s i s  f or  a o n e - s e me s t e r  four- hour  c ou r s e  in 
freshman c o l l e g e  mathemat ics  emphas iz ing  a l g e b r a i c  formula­
t i o n  and problem s o l v i n g  as a p p l i e d  to g e n e r a l  c h e m i s t r y .
The development  and e v a l u a t i o n  o f  the  mathemat ics  for  
chemi s try  curr iculum were c a r r i e d  out a t  a s t a t e  c o l l e g e  in  
n o r t h - c e n t r a l  New Hampshire ( e n r o l l m e n t ,  2 5 9 1 ) .  There were 
TO s t u d e n t s  e n r o l l e d  in f i r s t  s em es te r  g e ne r a l  c h e m i s t r y .  
Thi r t y  s i x  g e ne ra l  c h e mi s tr y  s t u d e n t s  were i d e n t i f i e d  as 
needing a d d i t i o n a l  mathemat ics  i n s t r u c t i o n  and were placed  
in mathematics  f o r  c h e m i s t r y .  Nearly  a l l  t h e s e  s t u d e n t s  
were freshmen majoring in b i o l o g y  and i n d i c a t e d  that  t h e i r  
o c c u p a t i o n a l  g o a l s  were in h e a l t h - r e l a t e d  f i e l d s .
The formal e v a l u a t i o n  focused on a f o r m a t i v e  e v a l u a t i o n  
o f  the  m a t e r i a l s  t h a t  had been d e v e l o p e d .  The f o l l o w i n g  
q u e s t i o n s  were a dd re s se d:  Do the  s t u d e n t s  e x h i b i t  g a i n s  in
mathematical  achievement  and c h e m i s t r y  problem s o l v i n g  a b i l ­
xi
i t y ?  What i s  t h e  minimum e nt ry  l e v e l  o f  s k i l l  f or  which one 
can p r e d i c t  s u c c e s s  wi th t h e s e  m a t e r i a l s ?  Which, i f  any,  o f  
the  s e c t i o n s  o f  the  t e x t  need to be r e v i s e d ?
A repeat ed  measures  t - t e s t  wi th t w o - t a i l e d  p r o b a b i l i ­
t i e s  showed t h a t  s t u d e n t s  made s i g n i f i c a n t  g a i n s  between  
p r e t e s t s  and p o s t t e s t s  on both mathemat i ca l  s k i l l s  (p <
.001)  and c he mi s tr y  a p p l i c a t i o n s  (p < . 0 5 ) .  A t t i t u d e  t o ­
wards enjoyment o f  mathemat ics  d e c l i n e d  (p < . 0 5 ) .  A t t i t u d e  
towards the p e r c e i ve d  v a l ue  o f  mathemat ics  showed no s i g n i f ­
i c a n t  change .  A t t i t u d e  towards  t he  methods ,  c o n t e n t ,  and 
e x p e c t a t i o n s  o f  the  co ur se  was moni tored at o n e - t h i r d  i n t e r ­
v a l s .  Contrary to  p r e v i o u s  e v i d e n c e  o f  d e c l i n i n g  s c o r e s  in 
other  s t u d i e s ,  t he  mathemat ics  f o r  c he m i s t r y  s c o r e s  on a t t i ­
tudes  towards  t he  course  remained c o n s t a n t .
The use o f  d i s c r i m i n a n t  a n a l y s i s  to  determine  a minimal  
e nt ry  l e v e l  r e v e a l e d  t h a t  i t  i s  important  t h a t  s t u d e n t s  take  
two years  o f  h igh  s c h o o l  a l gebra  b e f o r e  e n t e r i n g  mathemat ics  
for  c h e mi s t ry .  The mathemat ics  for  c h e mi s tr y  c ou r s e  appears  
to  be a s u i t a b l e  curr iculum for  t hose  s t u d e n t s  who have  
taken a l g e br a  in high s c h oo l  but  have not  mastered the  
c o n t e n t .
Learning o f  each o f  the  s k i l l s  and c o n c e p t s  w i t h in  a 
chapter  was t e s t e d  and analyzed s e p a r a t e l y  u s ing  an adapta­
t i o n  o f  a s e q u e n t i a l  t e s t i n g  scheme.  The a n a l y s i s  o f  i n d i ­
v idu a l  s e c t i o n s  o f  t h e  t e x t b o o k  provided d e t a i l e d  informa­
t i o n  u s e f u l  for  curr i cul um r e v i s i o n .  Rather than a na l y z i n g  
the  curriculum as a whole  or in chapt er  components ,  each  
d i s t i n c t  concept  was analyzed s e p a r a t e l y .  This  procedure  
prov i des  the  k inds  o f  in f ormat i on  t h a t  may be u s e f u l  to the  
curriculum d e v e l o p e r .  For curriculum r e v i s i o n  the  qu es t i on  
t o  be answered i s  n o t  the  ge ne ra l  one o f  whether or not  the  
curriculum as a whole i s  e f f e c t i v e  but  r a th e r  which s e c t i o n s  
or i t ems  need to  be r e v i s e d .
CHAPTER I 
INTRODUCTION
A 1950 s tu d y  a t  t he  U n i v e r s i t y  o f  I l l i n o i s  o f  the  ap­
p l i c a t i o n s  o f  mat hemat i c s  needed by s t u d e n t s  in the  c o l l e g e  
o f  e n g i n e e r i n g  t r i g g e r e d  the  format i on o f  the  U n i v e r s t i y  o f  
I l l i n o i s  Committee on School  Mathematics  (UICSM) (Osborne & 
Cr os s w hi t e ,  1970) .  This  was one o f  the  e a r l i e s t  mat hemat ic s  
curriculum reform p r o j e c t s  o f  the  pos t  World War I I  p e r i o d .  
Over two decades  l a t e r  the Na t i o n a l  Advisory  Committee on 
Mathematical  Educat ion (NACOME) Report  ( H i l l ,  1975) concluded  
t h a t  in s p i t e  o f  s e v e r a l  p r o j e c t s  d e s i gn e d  to  implement ap­
p l i c a t i o n s  i n t o  t he  mat hemat ic s  c u r r i c u l u m,  i t  i s  s t i l l  an 
urgent  concern to  d e v e l o p  i n s t r u c t i o n a l  m a t e r i a l s  a t  a l l  
l e v e l s ' u s i n g  a p p l i c a t i o n s .  In p a r t i c u l a r ,  t h e  use o f  non­
a r t i f i c i a l  examples  in the  t e a c h i n g  o f  mat hemat i c s  has been  
espoused as a d e s i r a b l e  goa l  by many mat hemat i c s  e d u c a t o r s  
(MAA, 1976) .  The e x i s t e n c e  o f  a p p l i c a t i o n s - o r i e n t e d  mate­
r i a l s  i s  a p r e r e q u i s i t e  to  answer ing  q u e s t i o n s  o f  t he  e f f i ­
cacy  o f  t h i s  approach.  The usual  c o n t r i v e d ,  a r t i f i c i a l  word 
problem used to  answer the  o f t e n - a s k e d  s t u d e n t  q u e s t i o n  o f  
"What good i s  t h i s ? "  e l i c i t s  - the r e s p o n s e  o f  "Who c a r e s ! "  
Comprehension o f  t he  u s e f u l n e s s  o f  any mat hemat i ca l  t e c h ­
nique  r e q u i r e s  t h a t  the  s t u d e n t  understand the  a p p l i e d  f i e l d  
in some dept h .  C e r t a i n l y  some p l a u s i b l e  a p p l i c a t i o n s  can be 
found t h a t  can be unders tood in a s i n g l e  s i t t i n g ;  but many 
o f  t h e s e  s t i l l  r e q u i r e  a c o n s i d e r a b l e  e f f o r t  on the  part  o f  
the  s t u d e n t .  However,  l e s s  o f  t h i s  a d d i t i o n a l  background
p r e pa r a t i o n  may be needed i f  examples  were taken from a s i n ­
g l e  area o f  the  s t u d e n t s ’ e x p e r i e n c e .  One might  c on c lu d e  
t h a t  r e p e t i t i v e  use o f  t he  same c o n t e x t u a l  s e t t i n g  could  
p r e s e n t  a more e f f i c i e n t  way o f  p r o v i d i n g  the  n e c e s s a r y  
p r a c t i c e  in problem s o l v i n g .
For years  t he  s c i e n c e  e d u c a t i o n  community has  bemoaned 
t h e i r  s t u d e n t s ’ seeming l a c k  o f  p r e p a r a t i o n  in mat hemat i c s  
(Thorpe & Lind bl ad ,  1962; Hannon, 1 96 9) .  F u r t h e r ,  t h e y  have  
urged the  mat hemat ica l  community t o  use more d i r e c t  a p p l i ­
c a t i o n s  problems in t he  deve lopment  o f  m a t h e m a t i c s .  With 
p a r t i c u l a r  r e s p e c t  t o  the f i e l d  o f  c h e m i s t r y ,  i n s t r u c t o r s  
have e xpr es sed  concern t h a t  l a r g e  p o r t i o n s  o f  the  s t u d e n t  
p o p u la t i o n  in g e n e r a l  c h e m i s t r y  ca nn o t  perform the  s imple  
a lge br a  needed in t h a t  c o u r se  (Brown, 1976; Denny,  1970,
1972; F i n l a y s o n ,  1972) .  S i n ce  programs in a g r i c u l t u r e ,  en­
g i n e e r i n g ,  l i f e  s c i e n c e s  ( i n c l u d i n g  b i o l o g y ) ,  m e d i c i n e  ( i n ­
c l u d i n g  n u r s i n g ) ,  pharmacy,  and p h y s i c a l  s c i e n c e s  t y p i c a l l y  
r e q u i r e  g e n e r a l  c h e m i s t r y ;  the  p o t e n t i a l  impact  o f  t h i s  d i ­
lemma i s  o f  c oncern .
The major r e a s o n s  for  o b s e r v i n g  so many e l e me n ta r y  
mat hemat i ca l  d e f i c i e n c i e s  in  g e n e r a l  c h e m i s t r y  a r e :
(1 )  Not a l l  the n e c e s s a r y  ma t he ma t i ca l  t o p i c s  f o r  
freshman c o l l e g e  g e n e r a l  c h e m i s t r y  are  p r e s e n t ed  in t r a d i ­
t i o n a l  c o l l e g e  p r ep a r at or y  mat hemat i c s  c o u r s e s  (Cain Lee ,  
1963) .  For example i n t e r - u n i t  c o n v e r s i o n s  p l a y  a s i g n i f i -
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cant  r o l e  in t h e  unders tandi ng  o f  g e n e r a l  c h e m i s t r y ,  however  
r e s e a r c h  f i n d i n g s  (S l obodan ,  1974) and the  b e s t  t h i n k i n g  o f  
most mat hemat i c s  e d u c a t o r s  (Sawada & S i gu rd so n ,  1976)  have  
s t e e r e d  curr i cu l um development  away from any m e t r i c  c o n v e r ­
s i o n s  in  f avor  o f  a more g e n e r a l  measurement e d u c a t i o n  for  
t he  g e n e r a l  p o p u l a c e .  Mani pu l a t i on  o f  n o n - l i n e a r  da t a  to  
show l i n e a r  r e l a t i o n s h i p s  i s  anot her  import ant  s c i e n t i f i c ,  
t e c h n i q u e  t h a t  g e t s  l i t t l e  or no c o v e r a g e  in  the  usua l  math­
e ma t i c s  c o u r s e .
( 2 )  S t u de n t s  can not  r e l a t e  t h e  mat hemat i c s  l e a rn e d  in 
t he  mathemat ics  c la s s r o o m to t he  mat hemat i c s  needed in  t he  
c h e mi s tr y  c l a s s r o o m .  St udent s  need to  s ee  examples  o f  s p e ­
c i f i c  c h e m i s t r y  a p p l i c a t i o n s  o f  mat hemat i ca l  t e c h n i q u e s .
( 3 )  Some s t u d e n t s  f i n d  they  are  req u i red  to  take  c o l ­
l e g e  c h e m i s t r y  but  do n o t  have  t h e  p r e r e q u i s i t e  mat hemat i c s  
s k i l l s - - e i t h e r  be caus e  t h e y  have no t  completed  two y ea rs  o f  
high s c h o o l  a l g e br a  or they  did not  l e a r n  or r e t a i n  the  
s k i l l s  t a u gh t  in  high s c h o o l .
Attempt ing t o  s o l v e  t h e  . predicament  posed by t h e  chem­
i s t r y  t e a c h e r  o f  how t o  r emed i a te  mat hemat i ca l  d e f i c i e n c i e s  
in c h e mi s tr y  c o n t e x t s  may h e l p  t he  mat hemat i c s  t e a c h e r  an­
swer t he  s t u d e n t s '  q u e s t i o n ,  "What good i s  t h i s ? "  The poor­
l y  m o t i v a t e d ,  p o o r l y  a c h i e v i n g  mat hemat i c s  s t u d e n t s  have  
been t o l d  throughout  t h e i r  mat hemat i c s  i n s t r u c t i o n  t h a t  t h ey  
w i l l  need t o  use t he  mat hemat ic s  f o r  " p r a c t i c a l  a p p l i c a ­
4t i o n s . "  Yet t h e y  have been shown few i f  any p r a c t i c a l  a p p l i ­
c a t i o n s  and they  have  n e i t h e r  l earn ed  the  mat hemat i ca l  
s k i l l s  nor l earned  how t h e y  might  apply  the  s k i l l s  t o  a 
q u a n t i t a t i v e  problem.  In order  to  s o l v e  c h e m i s t r y  problems  
the  s t u d e n t s  must be  a b l e  t o  use mat hemat i ca l  s k i l l s  t h a t  
t h ey  have not  l e arn ed  and are not  mot iva t ed  to l e a r n .  I t  
becomes a c i r c u l a r  arguement .
How should one i n t e r c e p t  t h i s  c i r c l e ?  Can a s u p e r f i c i a l  
t reatment  o f  t he  c h e m i s t r y  problem pro v i de  t he  m o t i v a t i o n ?
The i s s u e s  i n c l u d e :
(1 )  What mathemat ics  i s  needed in the  g e n e r a l  c h e m i s t r y  
course?
( 2 )  Can we i d e n t i f y  s t u d e n t s  whose mat hemat i c s  d e f i ­
c i e n c i e s  w i l l  hamper t h e i r  p r o g r e s s  in g e n e r a l  c he mi s tr y ?
(3)  How can the  s t u d e n t s  i d e n t i f i e d  in ( 2 )  l e a rn  the  
mathemat ical  s k i l l s  i d e n t i f i e d  in ( 1 )?
The f i r s t  two o f  t h e s e  q u e s t i o n s  appear to have been a l r e a d y
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5answered.  Many i n v e s t i g a t o r s  have shown mat hemat i c s  to  be 
an import ant  r e q u i s i t e  s k i l l  for  c h e m i s t r y  and most  agree  on 
t he  s p e c i f i c  s k i l l s  t h a t  are u t i l i z e d  in g e ne r a l  c h e m i s t r y .  
(See  Table 1, page 2 0 . )  I t  has been shown r e p e a t e d l y  t h a t  
s e v e r a l  d i f f e r e n t  t e s t s  o f  mathemat i cs  s k i l l  are v a l i d  i d e n ­
t i f i e r s  o f  t h o s e  s t u d e n t s  who w i l l  f a i l  in c h e m i s t r y .  (See  
Chapter I I ,  Review o f  t h e  L i t e r a t u r e . )
The s t u d e n t s  who l a c k  t h e  mat hemat i c s  p r e r e q u i s i t e s  for  
g e n e r a l  c h e m i s t r y  are  o f  two t y p e s :  ( 1 ) t h o s e  s t u d e n t s  who
have not  had the  a l g e br a  m a t e r i a l  p r e v i o u s l y  and ( 2 ) t h o se  
s t u d e n t s  who have been p r e v i o u s l y  exposed to par t  or  a l l  o f  
the  mat hemat i c s  but  have no t  mastered i t .  In most c o l l e g e  
c h e m i s t r y  c l a s s e s ,  t he  second subgroup i s  u s u a l l y  t he  
l a r g e r .  Remediat ion wi th such s t u d e n t s  i s  very  d i f f i c u l t .
To be s u c c e s s f u l  the  r e m e d i a t i on  must be couched in appar-  
a n t l y  new c o n t e x t s  ( S c h a a f ,  1972; M a n s f i e l d ,  1 97 4) .  Repeated 
e x p e r i e n c e s  wi th  t he  same c o n c e p t s ,  s k i l l  p r a c t i c e s  and 
d e m o n s t r a t i o n s  upon which s t u d e n t s  have p r e v i o u s l y  f a i l e d  
has  not  been an e f f e c t i v e  s t r a t e g y  f o r  r e m e d i a t i o n .  App l i ­
c a t i o n s  o f  mathemat ics  to c h e m i s t r y  may p r o v i d e  a new 
c o n t e x t  and emphasis  in which the  s t u d e n t  in t he  g e n e r a l  
c h e m i s t r y  subgroup o f  the  remedia l  pop ul a t i on  can g e t  a 
second chance t o  s u c c e e d .
Remediat ion for  c he m i s t r y  s t u d e n t s  who have n o t  mas­
t e r e d  the  n e c e s s a r y  mathemat i cs  s k i l l s  i d e n t i f i e d  in Table  1
i
i s  hampered by a l a c k  o f  s u i t a b l e  curr i cul um m a t e r i a l s  and 
by a s h o r t a g e  o f  t e a c h e r s  t r a i n e d  both in mat hemat ic s  and 
c h e m i s t r y .  Ne a r l y  a l l  programs t h a t  have been t r i e d  have  
been i n i t i a t e d  w i t h i n  t he  c h e m i s t r y  c l a s s ro o m or as  s e l f -  
i n s t r u c t i o n a l  programs.  The mat hemat i c s  community has  
f a i l e d  to  i n c o r p o r a t e  c h e m i s t r y  a p p l i c a t i o n  problems i n t o  
t he  mathemat ics  c o u r s e s  as a means o f  showing the  s t u d en t  
some n o n - c o n t r i v e d  a p p l i c a t i o n s .  Of over  MOO modules  i n ­
dexed in t h e  j o i n t  Undergraduate Mathematics  and I t s  A p p l i ­
c a t i o n s  P r o j e c t  and Mathemat ical  A s s o c i a t i o n  o f  America 
(UMAP-MAA) Survey o f  A v a i l a b l e  Modules ( 1 9 7 7 ) ,  o n l y  two were 
c r o s s - r e f e r e n c e d  t o  c h e m i s t r y .  The f i r s t  on m e t r i c  measure­
ment i s  u s e f u l  in g e n e r a l  c h e m i s t r y ;  the  second on exponen­
t i a l  growth and decay  u t i l i z e s  c a l c u l u s  c o n c e p t s  and prob­
ab l y  would not  be encountered u n t i l  the  s t u d e n t  e nt e re d  phy­
s i c a l  c h e m i s t r y .
D e f i n i n g  Non-Contr ived  A p p l i c a t i o n s
Al though mat hemat i c s  e d u c a t o r s  u s u a l l y  speak o f  " a p p l i ­
c a t i o n s , "  i t  i s  i m p l i c i t  t h a t  a g i ve n  example i s  an a p p l i c a ­
t i o n  o f  t he  c o n c e p t ,  X— for i n s t a n c e  a p p l i c a t i o n  o f  q u ad r at ­
i c  e q u a t i o n s ,  or o f  l e a s t  common m u l t i p l e  or o f  s y s t e ms  o f  
e q u a t i o n s .  Sometimes a mat hemat i c s  t o p i c  i s  t he  a p p l i c a t i o n  
o f  a second mat hemat i c s  c o n c e p t .  For example t he  a p p l i c a ­
t i o n  o f  the  c o n c ep t  o f  l e a s t  common m u l t i p l e  i s  u s e f u l  in 
d e t e rm i n i n g  a common denominator  to be used when adding
7f r a c t i o n s .  One might  say  t h a t  adding f r a c t i o n s  i s  an a p p l i ­
c a t i o n  o f  the  c o n c e p t ,  " l e a s t  common m u l t i p l e . "  However,  f o r  
purposes  o f  the  ens ui ng  d i s c u s s i o n ,  a p p l i c a t i o n  w i l l  r e f e r  
t o  a c o n t e x t u a l  s e t t i n g  apart  from ma t h e ma t i c s .  In t h i s  
s tu d y  the  f o l l o w i n g  d e f i n i t i o n s  w i l l  be used:
D e f i n i t i o n :  An a p p l i c a t i o n  i s  a problem which has a
s o l u t i o n  t h a t  ( 1 ) u t i l i z e s  a mat hemat i c s  s k i l l  and ( 2 ) u t i ­
l i z e s  o t h er  non-mathemat i c s  s k i l l s  or c o n c e p t s  in a d d i t i o n  
t o  t h e  mat hemat i c s  s k i l l .
D e f i n i t i o n :  A n o n - c o n t r i v e d  a p p l i c a t i o n  i s  a problem
t h a t  o c c u rs  in a c o n t e x t  o u t s i d e  o f  t he  mat hemat i c s  c l a s s ­
room. The s o l u t i o n  o f  t h i s  problem must u t i l i z e  some s k i l l  
or c o n c ep t  from ma t he ma t i c s .
D e f i n i t i o n :  For any ind i v i d u a l  the  d eg ree  o f
n o n - c o n t r i v i b i l i t y  o f  an example i s  ( 1 ) an i n c r e a s i n g  f unc ­
t i o n  o f  the  p r o b a b i l i t y  t h a t  the  example i s  ( w i l l  be)  w i t h i n  
t he  i n d i v i d u a l ’ s realm o f  e x p e r i e n c e  and ( 2 ) a d e c r e a s i n g  
f u n c t i o n  o f  the  e l a p s e d  t ime between exposure  to  the  a p p l i ­
c a t i o n  in the  c o n t e x t  o f  the  .mathemat ics  c ou r s e  and the  en­
co u n t er  o f  the  example in a f u n c t i o n a l  c o n t e x t  o u t s i d e  the  
mat hemat i c s  c l a s s r o o m .  The f o l l o w i n g  examples  found in 
t e x t b o o k s  i l l u s t r a t e  v a r i o u s  a s p e c t s  o f  t h e s e  d e f i n i t i o n s .
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Mr. Kaye i s  11 t i m es  a s  o l d  as h i s  daughter  Lynn.  
T h i r t y - s i x  y ea rs  from now he w i l l  be at  most t w i c e  as  
o l d  as Lynn. At mos t ,  how o l d  i s  Lynn? ( D o l c i a n i ,  Ber­
man, & Wooten, 1965)
Contr i ved  s i n c e  i n  order  to  ask t h e  q u e s t i o n  one must know
t he  an s w e r - - he nc e  the  q u e s t i o n  would n o t  be a ske d.  B e s i d e s
why would one ca re  about t he  answer?
Example 2:
Maggy Zeen has a p a r t - t i m e  job s e l l i n g  m a g a z i ne s .  One 
Thursday she  s o l d  20 c o p i e s  o f  magazine  A, 8 c o p i e s  o f  B 
and 15 c o p i e s  o f  C. On Fr iday  s he  s o l d  15,  10,  and 10 
c o p i e s ,  r e s p e c t i v e l y ,  and on Saturday  her s a l e s  were 22,  
12-, and 20 ,  r e s p e c t i v e l y .  Her r e c e i p t s  were $22 on 
Thursday,  $19 on Fr iday  and $28 on Sat urday .  Find the  
c o s t  o f  a s i n g l e  copy o f  each o f  t h e  t h r e e  m a g a z i ne s .  
(Keedy & B i t t i n g e r ,  1972)
The c o n t e x t u a l  s e t t i n g  i s  b e l i e v a b l e  but  who would have t h e
i n f o r m a t i o n  and want to  ask t h a t  q u e s t i o n ?  C e r t a i n l y  Maggy
knov/s t he  c o s t  o f  a s i n g l e  copy , as d o e s  t he  company to
whom she  r e p o r t s  her s a l e s  f i g u r e s .
Example 3:
Under s p e c i f i e d  c o n d i t i o n s ,  t he  d e f l e c t i o n  o f  a beam r e -
quireSpthe solution of the equation
40x - x  -  400 = 0.  S o l v e  for  _x* (Washington ,  1970)
U n f o r t u n a t e l y  beams do n o t  come wi th  d e f l e c t i o n  e q u a t i o n s
t a t o o e d  t o  t h e i r  s i d e s .  This  a p p l i c a t i o n  i s  no b e t t e r  than
2
s a y i n g ,  " S o l v e  40x -  x -  400 = 0.  Thi s  e qu a t i on  may 
a r i s e  in a s e t t i n g  i n v o l v i n g  beam d e f l e c t i o n . "  The author  
i s ,  in e f f e c t ,  s a y i n g  " P l e a s e  b e l i e v e  m e - - t h i s  i s  impor­
t a n t  ."
Example 4:
Ima A. St udent  had s c o r e s  o f  89 ,  95,  90,  and 92 on her 
f i r s t  four  a l g e br a  t e s t s .  What s c o r e  must she make on 
the  f i f t h  t e s t  so t h a t  her a ve rage  w i l l  be 93? (Keedy & 
B i t t i n g e r ,  1976)
9Good! Here i s  an a p p l i c a t i o n  o f  t he  c o n c e p t s  o f  l i n e a r  
e q u a t i o n s  and a r i t h m e t i c  means t h a t  i s  w i t h i n  t h e  s t u d e n t ’ s 
e x p e r i e n c e  and o f  v i t a l  i n t e r e s t  to  any s t u d e n t  i n t e r e s t e d  
i n  her grade p o i n t  a v e r a g e .
From the  above d e f i n i t i o n  i t  becomes o b v i o u s  t h a t  one  
does  not  s i mp l y  change t h e  nouns o f  one n o n - c o n t r i v e d  exam­
p l e  a r b i t r a r i l y  to  another  c o n t e x t  t o  o b t a i n  a second non­
c o n t r i v e d  example .  Unl e s s  the  second example so o b t a i n e d  
o c c u r s  in the  r e a l  world i t  i s  c o n t r i v e d .  A more c o n s t r u c ­
t i v e  method o f  producing n o n - c o n t r i v e d  examples  seems to  be  
t o  examine t he  problems t h a t  occur  in a g i v e n  c o n t e x t  and 
then c r o s s - r e f e r e n c e  t h e s e  problems by t h e  ma t he ma t i ca l  
t e c h n i q u e s  t h a t  are used to  s o l v e  t h e  o r i g i n a l  problem.
B e l l  ( 1 9 7 3 )  has  made e s s e n t i a l l y  t he  same p o i n t .  He d i s t i n ­
g u i s h e s  between "man i p u l a t i ve s"  which s t a r t  wi th a mathemat­
i c s  c on c e p t  and then s ea r ch  f o r  embodiments in  t he  r e a l  
world in terms o f  paper and s t r i n g  model s  and " a p p l i c a t i o n s ” 
which s t a r t  wi t h  a problem s i t u a t i o n  and proceed to  b u i l d  a 
ma the mat i c a l  model .  I t  a l s o  becomes c l e a r  t h a t  " c o n t r i v e d ­
nes s"  i s  t o  some d eg ree  a f u n c t i o n  o f  t h e  s t u d e n t ' s  e x p e r i ­
ence  .
S ev era l  curr i cu l um deve lopment  p r o j e c t s  are  c u r r e n t l y  
f o c u s i n g  a t t e n t i o n  on the  deve lopment  o f  m a t e r i a l s  u t i l i z i n g  
n o n - c o n t r i v e d  a p p l i c a t i o n s .  The j o i n t  commit tee  o f  t he  
Mathemat i cal  A s s o c i a t i o n  o f  America and the  Na t i o na l  Counci l
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o f  Teachers  o f  Mathemat i cs  (MAA-NCTM) on a p p l i c a t i o n s  i s  de ­
v e l o p i n g  a Sourcebook on A p p l i c a t i o n s  o f  Mathematics  for  
h i gh  s c h o o l  u s e .  At t he  c o l l e g i a t e  l e v e l  the  Undergraduate  
Mathemat i cs  and I t s  A p p l i c a t i o n s  P r o j e c t  (UMAP) has c o l l e c t ­
ed n o n - c o n t r i v e d  examples  in module form to  supplement  e x ­
i s t i n g  c o u r s e s .  In a d d i t i o n  to  t h e s e  modular a pproaches  to  
i n f u s e  a p p l i c a t i o n s  i n t o  the  g e n e r a l  mat hemat i c s  c u r r i c u l u m ,  
s e v e r a l  curr i cu l um deve lopment  programs are working towards  
b u i l d i n g  the  e n t i r e  curr i cu l um around an a p p l i c a t i o n -  
o r i e n t e d  approach.  At t he  e l em en t a r y  s c h o o l  l e v e l  t he  Min­
n e s o t a  Mathemat i cs  and S c i e n c e  Teaching P r o j e c t  (MINNEMAST) 
has  d ev e lo p e d  c o o r d i n a t e d  s c i e n c e  and mat hemat i c s  m a t e r i a l s .  
U n i f i e d  S c i e n c e  and Mathemat ics  for  Elementary S c h o o l s  
(USMES) has deve l oped  problem s o l v i n g  u n i t s  to  r e f l e c t  i s ­
s u e s  t h a t  a f f e c t  e l e m e n t ar y  s c h o o l  c h i l d r e n .  At t h e  s e c o n ­
dary  l e v e l  UICSM I n t r o d u c t i o n  t o  Mathemat i cal  Methods in  
A l g e b r a , Geometry , and P r o b a b i l i t y  and Zalman U s i s k i n ' s  
F i r s t  Year Algebra  Via A p p l i c a t i o n s  are  examples  o f  t h e  c ur ­
r i c u l a  b e i ng  de ve lo pe d to i n c o r p o r a t e  a p p l i c a t i o n s  and c r e ­
a t e  model s  o f  p h y s i c a l  s i t u a t i o n s .  A l l  o f  t h e s e  c o u r s e s  
have  f o c u se d  t h e i r  a t t e n t i o n  on the  g e n e r a l  populace  and 
have  taken a p p l i d a t i o n s  from many a r e a s  o f  i n t e r e s t .
The Problem
While t h e  f ocus  o f  t h i s  s tud y  i s  on the  use o f  a p p l i c a ­
t i o n s  in mat hemat i c s  t e a c h i n g ,  the  l a c k  o f  a p p r o p r i a t e  c ur ­
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r i cu lum m a t e r i a l s  i n d i c a t e s  a d i r e c t i o n  t h a t  must be taken  
as  a n e c e s s a r y  f i r s t  s t e p .  The p r e s e n t  s t ud y  i s  a mathemat­
i c s  curr i cu l um deve lopment  p r o j e c t  which i s  r e s t r i c t e d  to  
t h e  c o l l e g e  g e n e r a l  c h e m i s t r y  p o p u l a t i o n .  Pr ev i o us  s t u d i e s  
have  d e s c r i b e d  t h o s e  a l g e br a  s k i l l s  t h a t  are n e c e s s a r y  to  
g e n e r a l  c h e m i s t r y  ach ievement  ( See  Table 1, page 2 0 ) .  Many 
s t u d e n t s  e n t e r  g e n e r a l  c o l l e g e  c h e m i s t r y  w i t h ou t  mas t ery  o f  
t h e  n e c e s s a r y  mat hemat i c s  background (Ramey, 1 97 3) .  This  
i n v e s t i g a t o r  c o n t e n d s  t h a t  a mat hemat i c s  c o u r se  which embo­
d i e s  c h e m i s t r y  a p p l i c a t i o n s  to  i l l u s t r a t e  mat hemat ica l  con­
c e p t s  cou l d  h e l p  t h e s e  s t u d e n t s .  A b r i e f  r e v i e w  o f  t he  edu­
c a t i o n a l  p s y c h o l o g y  l i t e r a t u r e  in t r a n s f e r ,  problem s o l v i n g ,  
m o t i v a t i o n ,  r e m e d i a t i o n ,  and r e t e n t i o n  seems to  support  t h i s  
c o n t e n t i o n .  However,  no s u i t a b l e  curr i cu l um m a t e r i a l s  were 
a v a i l a b l e  f o r  such a c o u r s e .  There are s e v e r a l  i n h e r e n t  
d i f f i c u l t i e s  wi th  t r y i n g  to  mesh t r a d i t i o n a l  a lge br a  and 
c h e m i s t r y  c u r r i c u l a  to  c r e a t e  a c o h e s i v e  c o u r s e .  The ap­
proach u t i l i z e d  by t h i s  i n v e s t i g a t o r  in a d d r e s s i n g  t h i s  i s ­
sue  i s  p r e s e nt e d  in Chapter I I I .
Using the  mat hemat i ca l  t o p i c s  t h a t  p r e v i o u s l y  have  been 
d e s c r i b e d  in the  l i t e r a t u r e  as  n e c e s s a r y  f o r  g e n e r a l  chemi s ­
t r y  achievement  t h e  author c o n s t r u c t e d  c urr i cu l um m a t e r i a l s  
t h a t  are  i l l u s t r a t e d  wi th a p p l i c a t i o n s  s i m i l a r  to t hose  
found in t he  g e n e r a l  c he m i s t r y  c u r r i c u l u m .  H o p e f u l l y . t h i s  
w i l l  enabl e  s t u d e n t s  to  t r a n s f e r  the  mathemat i cs  t o  the  
c h e m i s t r y  s e t t i n g .  The g u i d in g  p r i n c i p l e s  f or  the sequenc­
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i ng  o f  t h e s e  m a t e r i a l s  i s  based upon l o g i c a l  p r e r e q u i s i t e s  
and u t i l i z a t i o n - r e l a t e d  c r i t e r i a .  A f o r m a t i v e  e v a l u a t i o n  o f  
t h e s e  m a t e r i a l s  was d es i gn e d  which g e n e r a t e s  data  on i n d i v i ­
dual  s e c t i o n s  o f  the  t e x t  from which f u r t h e r  r e v i s i o n  can be 
made. In p a r t i c u l a r  the  f o l l o w i n g  q u e s t i o n s  are a dd re ss e d:
( 1 )  Which s e c t i o n s  o f  t h e  t e x t  need to be r e v i s e d ?
( 2 )  I s  t h e r e  a s i g n i f i c a n t  change between pre and pos t  
achievement?
( 3 )  What i s  the  minimum e n t r y  l e v e l  o f  s k i l l  for  which 
one can p r e d i c t  t h a t  l e a r n e r s  can s ucceed wi th t h e s e  m a t e r i ­
a l s ?
( 4 )  When viewed as a h y p o t h e s i s - g e n e r a t i n g  s tudy  what  
d i men s i o ns  seem to  be c o n t r i b u t i n g  to  the  s t u d e n t ’ s 
l e a r n i n g ?
A d d i t i o n a l  s t udy  might  c o n t i n u e  t h e  r e v i s i o n - e v a l u a t i o n  
c y c l e  d e s c r i b e d  h e r e .  For mat hemat ic s  curr i cu l um d e v e l o p e r s  
o f  a p p l i c a t i o n s - o r i e n t e d  m a t e r i a l s ,  t h e  p r e s e n t  s t u d y  pro­
v i d e s  one paradigm through which such m a t e r i a l s  can be de­
v e l o p e d .  For t h o s e  who agree  wi th Cronbach ( 1 9 6 3 )  and Walk­
er  and S c h a f f a r z i c k  ( 1 97 4 )  t h a t  f o r m a t i v e  e v a l u a t i o n  o f  c ur ­
r icu lum m a t e r i a l s  i s  a v i t a l  and probably  t h e  most  important  
s t e p  in c urr i cu l um d eve l opment ,  the  p r e s e n t  s tu d y  p r o v i d e s  a 
workable means o f  i d e n t i f y i n g  s p e c i f i c  s e c t i o n s  o f  the  ma­
t e r i a l s  t h a t  need r e v i s i o n ,  in a d d i t i o n  to the  usual  s t a t e ­
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ments about  o v e r a l l  p r e - p o s t  a c h i e v em e n t .  For the l e a r n i n g  
t h e o r i s t  the  p r e s e n t  s tudy  r a i s e s  many q u e s t i o n s  and pro­
v i d e s  a s e t  o f  r e v i s e d  curr i cu l um m a t e r i a l s  t h a t  might  be  
u t i l i z e d  in a t t e m p t i n g  to answer t h e s e  q u e s t i o n s .
#CHAPTER I I  
REVIEW OF THE LITERATURE
In t h e  deve lopment  o f  any c u r r i c u l u m ,  t h r e e  b a s i c  areas  
s t and  out  which mold the m a t e r i a l s .  F i r s t  the  s u b j e c t  
mat ter  to  be p r e s e n t e d ;  in t h i s  c a s e ,  t h e  r e l a t i o n s h i p  
between mathemat i cs  and c h e m i s t r y .  Second,  t h e  l e a r n i n g  
t h e o r i e s ,  in  t h i s  c a s e  t h o s e  t h e o r i e s  which p r e d i c t  s u c c e s s  
when n o n - c o n t r i v e d  a p p l i c a t i o n s  are  u t i l i z e d  in t he  c u r r i c u ­
lum. Third ,  the  curr i cul um t h eo r y  which d e s c r i b e s  both how 
t h e s e  m a t e r i a l s  might  f i t  i n t o  the o v e r a l l  l o n g - t e r m  c u r r i ­
culum o f  t h e s e  s t u d e n t s  and the  s p e c i f i c  curr i cul um b u i l d i n g  
p r i n c i p l e s  u t i l i z e d  w i t h i n  t h i s  p a r t i c u l a r  c o u r s e .  The l i t ­
e r a t u r e  r e v i e w  w i l l  be o rg a ni z ed  around t h e s e  t h r e e  major 
t o p i c s .
The R e l a t i o n s h i p  Between Mathemat ics  and Chemistry
A s t u d y  completed for  the  O f f i c e  o f  Educat ion ( M i l l e r ,  
1 9 6 8 ) c r o s s - r e f e r e n c e s  f o r t y  mat hemat i c s  c o u r s e s  t h a t  are  
c o n s i d e r e d  n e c e s s a r y  by eminent  s c i e n t i s t s  as p r e r e q u i s i t e s  
t o  v a r i o u s  s c i e n c e - r e l a t e d  o c c u p a t i o n s .  The s c i e n c e  educa­
t i o n  community has  been a p p a l l e d  wi th  t h e i r  s t u d e n t s '  seem­
i ng  l a c k  o f  p r e p a r a t i o n  in ma t he ma t i c s .  Thorpe and Lindblad  
( 1 9 6 2 ) i n d i c a t e  t h a t  a g e n e r a l  r e a c t i o n  among secondary  s c i ­
ence  t e a c h e r s  i s  t ha t  t h e r e  i s  e i t h e r  a r e a l  d e f i c i e n c y  in  
mat hemat i ca l  competence  or t h a t  the  mathemat i cs  was l earned  
in such a r e s t r i c t e d  atmosphere t h a t  t he  s t ud en t  was unable
14 ;
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t o  g e n e r a l i z e  i t  t o  u s e f u l n e s s  in s c i e n c e  e d u c a t i o n .  The 
s c i e n c e  t e a c h e r s  t h e y  q u e s t i o n e d  i n d i c a t e d  t h a t  t h e y  s p e n t  
from t h r e e  t o  n i n e  weeks r e m e d i a t i n g  mat hemat i ca l  i nadequa­
c i e s .  Hannon ( 1 9 6 9 )  c la imed t h a t  c l o s e  t o  t h r e e  weeks are  
u s u a l l y  s p e n t  in  d e v e l o p i n g  n e c e s s a r y  ma th e ma t i ca l  s k i l l s  
and p r o c e s s e s  in  a p h y s i c a l  s c i e n c e  c o u r se  a t  Western Mich­
i gan U n i v e r s i t y .  These ma t he mat i c a l  s k i l l s  were t h o s e  
s k i l l s  t r a d i t i o n a l l y  found in t h e  f i r s t  h i gh  s c h o o l  a l g e br a  
c o u r s e .  Boeck ( 1 9 7 2 )  urged t e a c h e r s  in t he  d i s c i p l i n e s  o f  
mat hemat i c s  and s c i e n c e  to  d e v e l o p  c o u r s e s  t h a t  are  more 
c o g n i z a n t  o f  t h e  o t h e r s '  needs  and l i m i t a t i o n s .  I t  seemed 
t h a t  t h e  t e a c h e r s  in t h e s e  c l o s e l y  a l l i e d  f i e l d s  had an 
i n a b i l i t y  or l a c k  o f  d e s i r e  to  communicate wi th  each o t h e r  
or work t o g e t h e r .
Al though t h i s  r e v i e w  i n c l u d e s  l i t e r a t u r e  p e r t i n e n t  to  
mat hemat i c s  used in a l l  areas  o f  s c i e n c e ,  i t  w i l l  c o n c e n ­
t r a t e  on t h e  ma t he ma t i c s  used in g e n e r a l  c h e m i s t r y  as  t a u g ht  
i n  t h e  Uni ted S t a t e s .  In t h e  Uni ted S t a t e s  t h e r e  are two 
c o u r s e s  o f  g e n e r a l  c h e m i s t r y  w i d e l y  t a u g h t .  The f i r s t  i s  a 
o n e - y e a r  c o u r s e  t a u g ht  in  thq s e n i o r  h igh  s c h o o l s  as  a 
n o n - r e q u i r e d  s c i e n c e  c o u r se  for  ( c o l l e g e - b o u n d )  e l e v e n t h  or 
t w e l f t h  g r a d e r s .  The second i s  the  i n t r o d u c t o r y  y e a r - l o n g  
c h e m i s t r y  c o u r se  t a u g ht  in c o l l e g e s  and u n i v e r s i t i e s .  Al ­
though the  c o l l e g e  c o u r s e  i s  more s o p h i s t i c a t e d  (and com­
p l e t i o n  o f  t h e  h i gh  s c h o o l  co u r se  d o e s  not  u s u a l l y  exempt a 
s t u d e n t  from t a k i ng  the  c o l l e g e  c o u r s e )  , t h e  two c o u r s e s
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have many s i m i l a r  c h a r a c t e r i s t i c s .  Both c o u r s e s  are  i n t e n d ­
ed t o  g i v e  a broad o v erv i ew  o f  c h e m i s t r y .  Both c o u r s e s  ad­
d r e s s  an aud i en ce  t h a t  i n c l u d e s  many s t u d e n t s  who do n o t  
plan t o  be p r o f e s s i o n a l  c h e m i s t s .  For many o f  t h e s e  s t u ­
d e n t s  t he  g e n e ra l  c h e m i s t r y  c o u r s e  i s  the  o n l y  c h e m i s t r y  
c o u r se  t h e y  w i l l  ever  t a k e .  Unl ike  t h e  N u f f i e l d  Chemistry  
program i n  Great  B r i t a i n  which d e v e l o p s  t h e  same m a t e r i a l  
over  t h r e e  or four y e a r s  ( E s h i w a n i ,  1 9 72) ,  t h e  g e n e r a l  chem­
i s t r y  c o u r s e s  t a u g h t  in t he  Uni ted S t a t e s  p r e s e n t  an i n t r o ­
d u c t i o n  t o  the  e n t i r e  body o f  c he mi ca l  knowledge in one  
y e a r .  (For a r e v i e w  o f  t he  l i t e r a t u r e  r e l a t i n g  to  mathemat­
i c s  f o r  B r i t i s h  g e n e r a l  c h e m i s t r y  programs see  H o l f o rd ,  
19 75 . )
The curr i cu l um reform movements o f  t h e  e a r l y  1 9 6 0 ’ s 
brought  wi th  them i n c r e a s e d  ma the mat i c a l  demands upon a l l  
s c i e n c e  s t u d e n t s .  P r i c e  (1 9 6 1 )  d e s c r i b e d  i n t e g r a t e d  p h y s i ­
c a l  s c i e n c e  t e x t b o o k s  f o r  high s c h o o l s  p u b l i s h e d  in 1957-58.  
He conc l uded  t h a t  in  s e c t i o n s  o f  t he  i n t e g r a t e d  p h y s i c a l  
s c i e n c e  c ou r s e  where i n c l u s i o n  o f  mat hemat i c s  would con­
t r i b u t e  t o  un ders t andi ng  p r e s e n t  ( 1 9 5 7 - 5 8 )  t e x t b o o k s  appear  
t o  be d e f i c i e n t  in ma t h e ma t i c s .  Lockwood (1 95 9)  counted the  
f r e q ue n cy  wi th which v a r i o u s  mat hemat i ca l  c o n c e p t s  were en­
c ount er ed  in high s c h o o l  c h e m i s t r y  and p h y s i c s  t e x t b o o k s  
p u b l i s h ed  between 1950 and 1956 and conc luded t h a t  the  
p r o c e s s e s  u s u a l l y  c o n s i d e r e d  to  be advanced mathemat ics  
p r o c e s s e s  are used i n f r e q u e n t l y .  However in  h i s  c o n c l u -
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s i o n s  , Lockwood urged t h a t  the  q u a n t i t a t i v e  approach be  
u t i l i z e d  in c h e m i s t r y  and p h y s i c s  s i n c e  t h i s  approach g i v e s  
e x p e r i e n c e  in a p p l i c a t i o n  o f  mat hemat i c s  c o n c e p t s .  The 
newer chemi ca l  c u r r i c u l a  such as  Chemical  Bond Approach 
(CBA) and Chemical  Educat ion M a t e r i a l s  Study (CHEM Study)  
are more m a t h e m a t i c a l l y  o r i e n t e d  than the  s o - c a l l e d  " t r a d i ­
t i o n a l ” c u r r i c u l a  ( Ro g er s ,  197 1) .  Eshiwani  ( 1 9 7 2 ) ,  in  ana'r 
l y z i n g  CHEM Study,  i n d i c a t e d  t h e re  were a s u r p r i s i n g  number 
o f  mat he ma t i ca l  r e q u i r e m e n t s - - a t  l e a s t  twent y  f i v e  mathemat­
i c a l  demands— for  s t u d e n t s  in the  CHEM Study c o u r s e .  James
( 19 75 )  s u g g e s t e d  t h a t  a major f a c t o r  in t he  d e c r e a s i n g  popu­
l a r i t y  o f  c h e m i s t r y  c o u r s e s ,  i s  t he  i n c r e a s e d  i n t e l l e c t u a l  
demands in t h e s e  c o u r s e s ,  p a r t i c u l a r l y  r e g a r d i n g  mathemat i ­
c a l  s k i l l s .  Webb ( 1 96 4 )  conc luded t h a t  a f irm f o u n da t i o n  in 
h i g h  s c h o o l  mat hemat ic s  i s  one o f  t he  most import ant  p r e r e ­
q u i s i t e s  ( o u t - r a n k i n g  the  c om p l e t io n  o f  h i gh  s c h o o l  c he mi s ­
t r y )  for  c o l l e g e  c h e m i s t r y  ac h i e ve me nt .
Concurrent  wi th the  s c i e n c e  reform movement was a s i m i ­
l a r  e f f o r t  in m a t h em a t i c s .  S ub s eq ue nt l y  t h e  "new math" was 
blamed for  mat hemat i ca l  i n a d e q u a c i e s  o f  s t u d e n t s .  In t he  
p r e f a c e  t o  t h e i r  mat hemat i c s  manual d e s i gn e d  for  c o l l e g e  
g e n e r a l  c h e m i s t r y  s t u d e n t s ,  Masterton and S l o w i n s k i  ( 1 9 7 4 ,  
page i i i )  s t a t e d ,  "Many o f  our s t u d e n t s  appear to be v i c t i m s  
o f  t he  'new mat h . '  Al though q u i t e  c a p a b l e  o f  q u a n t i t a t i v e  
r e a s o n i n g ,  t h e y  are  w o e f u l l y  d e f i c i e n t  in the  b a s i c  t e c h ­
n i q u e s  o f  m a t he ma t i c s ."  Rimer ( 1 9 7 1 )  c la imed t h a t  in modern
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mat hemat i c s  c o u r s e s ,  p u p i l s  r e c e i v e d  much l e s s  o p p o r t u n i t y  
t o  p r a c t i c e  mat hemat i ca l  m a n ip u l a t i o n  and hence had more 
problems in  c h e m i s t r y  c o u r s e s  which r e q u i r ed  t he  use o f  
m a t he ma t i c s .  C o n f l i c t i n g  e x pe r i men t a l  e v i d e n c e  was found by  
Ackerson ( 1 9 6 5 ) .  He found t h a t  s t u d e n t s  wi th  e x p e r i e n c e  in 
Schoo l  Mathematics  Study Group (SMSG) mathemat ics  performed  
a t  a h i g h e r  l e v e l  in p h y s i c s  than did s t u d e n t s  with e x p e r i ­
ence  in t r a d i t i o n a l  ma the ma t i c s .  Cain and Lee ( 1 96 3 )  ana­
l y z e d  both t r a d i t i o n a l  and newer mat hemat i c s  programs and 
found t h a t  many mat hemat i c s  s k i l l s  needed in s c i e n c e  c o u r s e s  
were not  t a u gh t  in  the  p r e r e q u i s i t e  mat hemat ic s  c o u r s e s .  
However,  t h e  newer mat hemat ic s  c u r r i c u l a  (SMSG, UICSM, CEEB) 
did  a b e t t e r  job o f  c o o r d i n a t i n g  c o n c ep t s  than did the  t r a ­
d i t i o n a l  mat hemat i c s  c o u r s e s .
Rogers (1 9 7 1 )  f e l t  t h a t  c h e m i s t r y  i n s t r u c t o r s  might  
r e a c t  to  the  more m a t h e m a t i c a l l y  demanding c he m i s t r y  c u r r i ­
c u l a  by t e a c h i n g  t h e i r  s t u d e n t s  t he  use o f  the  s l i d e  r u l e  to  
l e s s e n  the  burden o f  t e d i o u s  hand c a l c u l a t i o n s .  His s urvey  
o f  Kansas h i gh  s c h o o l  t e a c h e r s  did not  s upport  h i s  hypo­
t h e s i s .  About the  same p e r c e n t a g e  o f  t e a c h e r s  u s i ng  the  
more m a t h e m a t i c a l l y  o r i e n t e d  c u r r i c u l a  i n c l u d e d  s l i d e  r u l e  
i n s t r u c t i o n  as p a r t  o f  the  program as did t e a c h e r s  u s in g  
t r a d i t i o n a l  c u r r i c u l a .  The i n c l u s i o n  o f  s l i d e  r u l e  i n s t r u c ­
t i o n  as  a n e c e s s a r y  mathemat ics  s k i l l  in 1978 seems a r c h a i c  
c o n s i d e r i n g  the  a v a i l a b i l i t y  o f  i n e x p e n s i v e  e l e c t r o n i c  pock­
e t  c a l c u l a t o r s .  However,  as l a t e  as 1975,  Brown ( 1 9 76 )  d i s -
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cerned i t  n e c e s s a r y  t o  i n c l u de  s l i d e  r u l e  i n s t r u c t i o n  as a 
par t  o f  t he  mat hemat i c s  s k i l l s  t au ght  in c o n j u n c t i o n  wi th a 
h i g h  s c h o o l  c h e m i s t r y  c o u r s e .  Sosebee  and Walsh ( 1 9 7 5 )  
found t h a t  s t u d e n t s  who use pocket  c a l c u l a t o r s  when t a k in g  
c h e m i s t r y  exams s c o r e  s i g n i f i c a n t l y  h i g h er  in a c o l l e g e  
c h e m i s t r y  c o u r se  than do s t u d e n t s  who use s l i d e  r u l e s  or a t ­
tempt hand c a l c u l a t i o n s .  On the  o t h er  hand,  B o l e l s k y ' s  
(1977)  r e s u l t s  showed no d i f f e r e n c e  between an e x p e r i m en t a l  
c a l c u l a t o r  and n o n - c a l c u l a t o r  c o n t r o l  group o f  h i g h  s c h o o l  
c h e m i s t r y  s t u d e n t s .  I t  seems s a f e  t o  c on c lu d e  t h a t  c a l c u l a ­
t o r s  w i l l  not  impair  s t u d e n t  performance and may enhance i t .
I d e n t i f y i n g  S p e c i f i c  Mathematics  S k i l l s  
Needed for  Chemistry
Various  a u t h or s  have  shown t h e r e  to  be a h i gh  c o r r e l a ­
t i o n  between mat hemat i c s  ach ievement  and s c i e n c e  a c h i e v e ­
ment .  I t  has  been shown ( A b e l e s ,  1967; Ackerson,  1965) t h a t  
t he  c o r r e l a t i o n  between s t u d e n t s '  mastery  o f  mathemat i cs  
s k i l l s  and t h e i r  a b i l i t y  to  s o l v e  p h y s i c s  problems i s  
s i g n i f i c a n t  beyond the .01 l e v e l .  Even in  high s c h o o l  b i o l ­
o gy ,  a s u b j e c t  not  u s u a l l y  c o n s i d e r e d  to be h i g h l y  mathemat­
i c a l l y  o r i e n t e d  (Swain,  197*1), Cain ( 1 965 ) showed a s i g n i f i ­
c an t  r e l a t i o n s h i p  between mat hemat ic s  ach ievement  ( h o l d i n g  
mathemat ics  a p t i t u d e  and ve rb a l  r ea so ni n g  f i x e d )  and b i o l o g y  
ac h i e ve me nt .  A s u r v ey  o f  the  n e c e s s a r y  mat hemat i c s  r e q u i r e ­
ments f o r  s t u d y i n g  b i o l o g y  a t  v a r i o u s  l e v e l s  i s  p re se nt ed  in
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W hole num bers ( 0 ,  1 ,  2 , 3 , . . . ) X X X / X / / X 7“ X J X X
I n t e g e r s X X X / X / / X / X J X X
f r a c t i o n s X X X ✓ X / / X ✓ X X X
R eal num bers (d e c im a ls ) X X X / X / ✓ X / X ✓ X X
E x p o n en ts X X X / X X X / X
p o s i t i v e  I n t e g e r s / / X / X X ✓ ✓ ✓ X
I n t e g e r s / ✓ ✓ / / X X ✓ ✓ / /
r a t i o n a l  (& s q u a r e  r o o t ) X X X X / X
Ifce o f  p a r e n t h e s i s X / X / X
L o g a rith m s X X X X / X X X X
P e r c e n ta g e X X X / X X X X X
L in e a r  e q u a t io n s / X X X X / X X X / X X X
Q u a d r a t ic  e q u a t io n s / ✓ X X / X X X ✓ X X
R a t io  a n d  p r o p o r t i o n X X X X X / X X X ✓ X X
P ro d u c in g  S I n t e r p r e t i n g  2 -d 1 m en s1 o n a l g ra p h s X X # X / X X X X X
T rig o n o m e try f X X X
fo rm u la s  w i th  m ore th a n  o n e  v a r i a b l e / X X X X / X X X X X
t h i t  c o n v e r s io n  (a n d  .m easu rem en t) ✓ X 1 X X ✓ X X X X X
F in d in g  f u n c t io n a l  r e l a t i o n s  fro m  g iv e n  d a t a  o r  g ra p h s X X
S i g n i f i c a n t  f i g u r e s X X / X X X / X
S c i e n t i f i c  n o t a t i o n / 1 X X X / X X X X / X
R a t io n a l  e q u a t io n s / / X X X X
P r o b a b i l i t y X X
A ver a y e s X / X X ✓ X
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E s t im a t io n X x
I n e q u a l i t i e s / X
V ec to rs x
S im u lta n e o u s  E q u a t io n s X X X X X
F a c to r in g
X X
T h re e  d im e n s io n a l  g eo m e try X X
S l i d e  r u l e  ‘ X X
S t a t i s t i c s  o t h e r  th a n  a v e ra g e X X X
P la n e  g e o m e try X
I n t u i t i v e  c a l c u t e s  ( d e l t a  n o t a t i o n ,  a r e a  u n d e r  c u r v e s )  
p i c t o r a l  r e p r e s e n t a t i o n
X
x  S p e c i f i c a l l y  l i s t e d  I n v e s t i g a t o r s  
✓ Sy I m p l i c a t i o n
a  E sM v a n t  s t a t e s  t h a t  h i s  l i s t i n g  o f  s k i l l s  I s  o n ly  a  p a r t i a l  l i s t i n g  t h a t  a p p l i e s  s p e c i f i c a l l y  t o  CHH S tu d y  
# Lockwood i n d i c a t e s  t h e  I te m s  m arked  # a r e  u s e d  -  b u t  o n ly  I n f r e q u e n t l y
b Ramey l i m i t e d  n i s  i n v e s t i g a t i o n  to  t h e  t h r e e  n o s t  common m a th e m a tic a l  m is ta k e s  o n  c h e n i s t r y  exam s
c mace  d o e s  n o t  i n t e n d  t h a t  t h e s e  t o p i c s  a r e  i n c l u s i v e  b u t  r a t h e r  show s r e p r e s e n t a t i v e  w ays o f  u s in g  c e r t a i n v i a t h  c o n c e p ts  1n a  c h e m is t r y  s e t t i n g
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"Mathemat ics  for  B i o l o g i s t s "  ( I n s t i t u t e  o f  B i o l o g y ,  1974) .
■The q u e s t i o n  concern i n g  which mat hemat i ca l  c o n c e p t s  are  
needed in g e n e r a l  c he m i s t r y  has  been answered by s e v e r a l  i n ­
v e s t i g a t o r s  ( S ee  Table 1. )  Those c o n c e p t s  t h a t  seem to  be  
most o f t e n  ment ioned are the  a r i t h m e t i c  o f  s i gn e d  numbers,  
f r a c t i o n s  and d e c i m a l s ,  t he  use o f  exponent s  and s c i e n t i f i c  
( e x p o n e n t i a l )  n o t a t i o n ,  p e r c e n t a g e ,  l o g a r i t h m s ,  l i n e a r  and 
q u a d r a t i c  e q u a t i o n s ,  r a t i o  and p r o p o r t i o n ,  g r ap h s ,  u n i t  
c o n v e r s i o n ,  and s i g n i f i c a n t  f i g u r e s .  Averages  were men­
t i o n e d  f r e q u e n t l y  and probably  many a ut ho rs  i n c l u de d  t h i s  
t o p i c  wi th  t he  a r i t h m e t i c  o f  r e a l  numbers.  The use o f  
s i m u l t a n e o u s  e q u a t i o n s  appears  o n l y  in c o l l e g e  c o u r s e s .  
Tri gonometry  i s  needed o n l y  in  the  i n t e g r a t e d  p h y s i c a l  s c i ­
ence  c o u r s e s — presumably in the  s e c t i o n s  d e a l i n g  more wi th  
p h y s i c s  than wi th  c h e m i s t r y .  Various  t e c h n i q u e s  were used 
t o  reach t h e s e  c o n c l u s i o n s .  Se v e r a l  (Denny,  1970;
Lockwood,  1999; Parque,  1966; Hannon, 1969) have a na l yz ed  
one or more t e x t b o o k s  to  o b t a i n  the  l i s t  o f  n e c e s s a r y  mathe­
m a t i c a l  s k i l l s .  Brown (1976)  surveyed high s c h o o l  t e a c h e r s  
t o  de t ermi ne  which mathemat ics  s k i l l s  t h e s e  t e a c h e r s  f r e ­
q u e n t l y  d i s c e r n e d  n e c e s s a r y  t o  r e m e d i a t e .  Ramey (1 97 3)  l i m­
i t e d  h i s  i n v e s t i g a t i o n  to the t h r e e  most  common mat hemat ica l  
m i s t a k e s  made on c o l l e g e  g e n e r a l  c h e m i s t r y  exams.  Others  
( F i n l a y s o n ,  1972; Masterton & S l o w i n s k i , 1974; V a v o u l i s ,  
1966) are c h e m i s t s  who base  t h e i r  s e l e c t i o n  o f  n e c e s s a r y  
mat hemat i c s  t o p i c s  on p e rso n a l  e x p e r i e n c e .
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I d e n t i f y i n g  S t ude nt s  wi th  D e f i c i e n t  Mathematical  
Competence for  Entry i n t o  General  Chemistry
Having determined the  s p e c i f i c  mat hemat i c s  c o n t e n t  n ec ­
e s s a r y  f o r  a g e n e r a l  c h e m i s t r y  c o u r s e ,  t he  n e x t  s t e p  i s  one  
o f  i d e n t i f y i n g  t hose  s t u d e n t s  who have d e f i c i e n c i e s .  The 
Mathematics  S k i l l  Tes t  (MAST) for  Chemistry (Denny,  1970,  
1971) was deve l oped  for  t h i s  pu rp ose .  Denny v a l i d a t e d  the  
MAST exam in urban P h i l a d e l p h i a  as  a p r e d i c t o r  o f  s u c c e s s  in  
c h e m i s t r y  as  measured by t h e  American Chemical  S o c i e t y -  
N a t i o n a l  S c i e n c e  T e a c h e r ' s  A s s o c i a t i o n  (ACS-NSTA) high  
s c h o o l  c h e m i s t r y  ach i evement  exam. No at t empt  was made to  
r emed i a t e  mat hemat i c s  s k i l l s  in the  MAST s t u d y .  The MAST 
exam i s  an untimed 6 0 - i t e m  t e s t  d e s i gn e d  to i n d i c a t e  the  
s t u d e n t ' s  u n de rs ta ndi ng  o f  the  b a s i c  c o n c e p t s  and s k i l l s  
l i s t e d  in Table  1. S ub s eq ue nt l y  the  MAST exam has been used 
s u c c e s s f u l l y  as  a d i a g n o s t i c  t o o l  for homogeneously  grouping  
s t u d e n t s  i n t o  e l e v e n t h  grade  c h e m i s t r y  c l a s s e s  (Denny,
1 97 4) .  The MAST exam has a l s o  been g i v e n  to 335 c o l l e g e  
freshmen who were i d e n t i f i e d  as needi ng  mat hemat ic s  r emedia­
t i o n  (Denny,  1972) .  This  sample o f  c o l l e g e  s t u d e n t s  ( a d mi t ­
t e d l y  poor mat hemat i c s  s t u d e n t s )  scored c o n s i d e r a b l y  lower  
(w i t h  mean s c o r e  o f  14 .6  on t he  6 0 - i t e m  MAST t e s t )  than did  
the  h e t e r o g e n e o u s  urban P h i l a d e l p h i a  h i gh  s c h o o l  sample  
(mean s c o r e  o f  2 4 . 8 ) .




p r e p a r a t i o n  as be i ng  more import ant  to c o l l e g e  g e n e r a l  chem­
i s t r y  than i s  c om p l e t io n  o f  h igh s c h oo l  c h e m i s t r y .  Mamantov
( 1976)  p r ov i d e s  e x pe r i men t a l  e v i d e nc e  s u pp or t i ng  t h i s  v i ew  
when a p p l i e d  to  a c h e m i s t r y  co ur se  for  n u r s e s .  Al though the  
c o r r e l a t i o n  between high s c h o o l  c h e m i s t r y  ach i evemen t  and 
t he  MLN c h e m i s t r y  ach ievement  exam was n o t  s i g n i f i c a n t ,  the  
c o r r e l a t i o n  between the  ACT mathemat i cs  s c o r e  and a c h i e v e ­
ment on the  c he m i s t r y  exam was s i g n i f i c a n t  (p < . 0 5 ) .  
L i k e w i s e ,  for  community c o l l e g e  s t u d e n t s ,  Demas (1977)  con­
c luded  t h a t  a C or b e t t e r  in high s c h o o l  ( second year)  a l g e ­
bra should be a n e c e s s a r y  p r e r e q u i s i t e  for  e n t r y  i n t o  c o l ­
l e g e  g e n e r a l  c h e m i s t r y .  Lawrence (1971)  found a s i g n i f i c a n t  
c o r r e l a t i o n  between mat hemat ic s  ach i evement  as measured by 
s e m e s t e r  marks and achievement  on the  ACS-NSTA c h e m i s t r y  
exam. Malone ( 1 9 7 7 )  report ed  t ha t  e i t h e r  the ACT mathemat­
i c s  t e s t  or a U n i v e r s i t y  o f  Iowa Chemistry Department mathe­
m a t i c s  t e s t  were v a l i d  i n d i c a t o r s  o f  c o l l e g e  g e n e r a l  chemi s ­
t r y  achievement  as measured by f i n a l  g r a d e s .  Al though Penna 
(1973)  analyzed a smal l  a t y p i c a l  sample o f  ru r a l  h igh s c h oo l  
s t u d e n t s ,  which may not  g e n e r a l i z e  to  a l l  s i t u a t i o n s ,  he 
found a p o s i t i v e  c o r r e l a t i o n  between s t u d e n t ' s  performance  
on t h e  CEEB mat hemat ic s  ach ievement  t e s t  and each o f  t h r e e  
d i f f e r e n t  measures  o f  c he m i s t r y  achievement  (ACS-NSTA Form 
1967,  ACS-NSTA Form 1 969,  CFF,B Chemistry A c hi ev em en t ) .  Af ter  
a h i e r a r c h i c a l  a n a l y s i s  o f  the  s k i l l s  needed for  s u c c e s s  
wit.* s t o i c h i o m e t r y , one o f  the  major t o p i c s  o f  g e n e r a l
*c h e m i s t r y ,  Ozsogomonyan (1977)  determined t h re e  c o g n i t i v e  
s k i l l s  t h a t  would f a c i l l i t a t e  t he  l e a r n i n g  o f  s t o i c h i o m e t r y .  
Two o f  the  t h r e e  s k i l l s ,  p r o p o r t i o n a l  r ea so ni ng  and problem 
s o l v i n g ,  are  o f t e n  i nc lu de d in mat hemat i c s  c u r r i c u l a .  Lloyd
(1977)  showed t ha t  the  MAST exam (Denny,  1970,  1971,  1974)  
was an important  d i s c r i m i n a n t  v a r i a b l e  in d e termi n i n g  t hose  
who would succeed v e r s u s  t h o se  who would f a i l  in g e n e ra l  
c o l l e g e  c h e m i s t r y .  S c h i e s l e r  (1977)  was u n s u c c e s s f u l  in a t ­
t emp t i ng  to  de t ermi ne  n o n - c o g n i t i v e  v a r i a b l e s  t h a t  might  be  
used t o  p r e d i c t  s u c c e s s  in c o l l e g e  c h e m i s t r y .  He found t h a t  
o n l y  o v e r a l l  grade  p o i n t  average  and SAT-mathematics  s c o r e  
were s t a t i s t i c a l l y  s i g n i f i c a n t  i ndependent  c o n t r i b u t o r s  to  
p r e d i c t i o n  e q u a t i o n s .  Homman and Anderson (1962)  p resent ed  
somewhat c o n t r a r y  e v i d e n c e  in a s tud y  f o r  which t he  amount 
o f  mathemat ics  p r e p a r a t i o n  as  measured by t h e  number o f  s e ­
m e s t er s  o f  mat hemat i c s  taken pr io r  to c h e m i s t r y  i s  shown to  
not  be c o r r e l a t e d  wi th c h e m i s t r y  a ch i e v em en t .  Homman and' 
Anderson conc luded t h a t  the  q u a l i t y  o f  p r e p a r a t i o n  was un­
d o u b t e d l y  a more important  f a c t o r  than the  q u a n t i t y  o f  p r i o r  
p r e p a r a t i o n .
Attempts  a t  I n t e g r a t i n g  Mathematics  and Chemistry
S e v e r a l  aut hors  have  w r i t t e n  o f  ways in which mathemat­
i c s  can be e f f e c t i v e l y  used in the  c h e m i s t r y  c l a s s r o o m .
Dence (1970)  shows s i x  s p e c i f i c  c h e m i s t r y  problems t h a t  can 
be completed us ing  a l g e b r a i c  c o n c e p t s  u s u a l l y  encountered in
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second year  h i gh  s c h o o l  a l g e b r a .  He conc l uded  t ha t  t h e s e  
t y p e s  o f  examples  should become t h e  common everyday  approach  
as opposed t o  the  un us ua l ,  i n n o v a t i v e  p r e s e n t a t i o n s  t h a t  
t h e y  are  now.^ However,  ca re  must be taken n o t  to  use a 
"cannon t o  k i l l  a f l e a . "  Sears  (1969)  shows how t o  use  s i ­
mul taneous  e q u a t i o n s  in the  l a s t  s t e p  o f  b a l a n c i n g  redox  
e q u a t i o n s  when a s impl e  c o n s i d e r a t i o n  o f  s i g n e d  numbers in a 
s i n g l e  l i n e a r  e q ua t i o n  might  be used i n s t e a d .  L i k e w i s e ,  t o o  
much gimmickery may tend to  obscure  a c o n c ep t  r a t h e r  than to  
enhance i t s  u n d e r s t a n d i n g .  Nechamkin ( 1 9 7 5 )  s u g g e s t s  t h a t  
we might  f u r t h e r  s t u d e n t s '  unders tanding  o f  c e r t a i n  i r r a ­
t i o n a l  numbers by making the  c o n c ep t s  more " r e a l . "  To f u r ­
t h er  t he  un de rs ta nd i ng  o f  p i  he s u g g e s t s  c u t t i n g  two l e n g t h s  
o f  magnesium r i b b o n - - o n e  de termined by the  c i r c u m f e r e n c e  o f  
a c y l i n d e r  and the  o th er  equal  to the d i a m e t e r .  React  t h e s e  
p i e c e s  o f  magnesium wi th h y d r o c h l o r i c  ac id  and c o l l e c t  t he  
l i b e r a t e d  hydrogen ,  then d i v i d e  t he  two volumes o f  
h y d r o g e n - - t h e  q u o t i e n t  be in g  p i .  I t  seems we r e a l l y  have  no 
answer t o  t he  s t u d en t  who asks  why not  measure the  l e n g t h s  
and s i mp l y  d i v i d e  t he  two l e n g t h s  to  g e t  the  v a l u e  o f  p i .
For t h e  s t u d e n t s  who did  n o t ' o r i g i n a l l y  unders tand the  mean­
ing o f  pi  t h e y  probabl y  would not  understand the  c oncep t  
a f t e r  t h i s  i n s t r u c t i o n  or e l s e  t h e y  would have a vague c on-
1 For more advanced s t u d e n t s  o f  c h e m i s t r y  (beyond the  
i n t r o d u c t o r y  c o u r s e )  Mathews and Thompson ( 1 9 7 5 )  and Rouvray 
(197*0 have two a r t i c l e s  showing the  use o f  wave f u n c t i o n s ,  
v e c t o r s ,  and s e t  t h e o r y  t o  he lp  e x p l a i n  chemi ca l  phenomena.
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c e p t i o n  t h a t  p i  has something  to do wi th volume or hydrogen!  
This  exper iment  seems to  o bs cure  . h e  i r r a t i o n a l  nat ure  o f  
t he  number p i .
Help f o r  s t u d e n t s  e n c o un t e r i n g  d i f f i c u l t y  wi t h  problem 
s o l v i n g  in c he m i s t r y  can be found.  Many books  and v i d e o  
t a p e s  ( P e t e r s ,  1976; Sorum & B o i k e s s ,  1976; Lower,  1973)  
e x p l a i n  c he mi ca l  c o n c e p t s  and g i v e  sample problems worked 
o ut  but  assume t h e  s t u d e n t  knows t h e  r e l a t e d  mat hemat i c s  i n ­
c l u d i n g  how t o  s o l v e  and s e t  up t he  n e c e s s a r y  e q u a t i o n s ,  
g r ap h s ,  e t c .  Others  (Master ton & S l o w i n s k i ,  1974; V a v o u l i s ,  
1966) i n c l u d e  b r i e f  mat hemat i ca l  e x p l a n a t i o n s .  Again the  
emphasis  i s  on a l a r g e  number o f  worked examples  and the  
assumpt ion i s  t h a t  s t u d e n t s  w i l l  be r e f e r r e d  to the  proper  
s e c t i o n  o f  the  manual when having problems wi th  a p a r t i c u l a r  
c h e m i s t r y  problem s o l v i n g  c o n c e p t .  Hence,  c o h e s i v e n e s s  
appears  not  to  be d e s i r a b l e  and not  e v i d e n t .  One o f  the  
g o a l s  o f  t h e s e  manuals  i s  t h a t  c h e m i s t r y  i n s t r u c t o r s  w i l l  
have t o  spend l e s s  t ime  on mat hemat ic s  (Master ton & 
S l o w i n s k i ,  1974,  page i v )  .
Experimental  Courses  in Mathemat ical  Remediat ion  
f or  General  Chemistry St udent s
I n v e s t i g a t o r s  have  had va r y i ng  d e g r e e s  o f  s u c c e s s  in 
p r o v i d i n g  mat hemat i ca l  i n s t r u c t i o n  for  s c i e n c e  s t u d e n t s .  As 
Brown (1976)  p o i n t s  o u t ,  i t  would be  the  e x c e p t i o n  r a t h e r  
than the  r u l e  t h a t  a s c i e n c e  c l a s s  would s y s t e m a t i c a l l y  i n ­
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v o l v e  a program o f  mat hemat i c s  i n s t r u c t i o n .  Even l e s s  f r e ­
q u e n t l y  would you e x p e c t  to  f ind  s c i e n c e  t o p i c s  be i ng  u t i ­
l i z e d  in the  i n s t r u c t i o n  o f  mathemat ics  c o n c e p t s  in a mathe­
m a t i c s  c l a s s .  Brown was concerned both wi th  ach ievement  and 
a t t i t u d e  in the  c h e m i s t r y  c o u r s e .  He i n j e c t e d  a 21-hour  
mat hemat i c s  program i n t o  the  h i gh  s c h o o l  c h e m i s t r y  c u r r i c u ­
lum f o r  a l l  c h e m i s t r y  s t u d e n t s  ( i n  the  t r e a t m e n t  g r o u p ) .  . 
This  mat hemat i c s  i n s t r u c t i o n  was based upon l o c a l l y - p r o d u c e d  
t e l e v i s i o n  t a p e s  c o v e r i n g  p e r c e n t a g e ,  s c i e n t i f i c  n o t a t i o n ,  
s i g n i f i c a n t  f i g u r e s ,  and i n t r o d u c t i o n  to  the  s l i d e  r u l e .
The mat hemat i c s  was t e s t e d  wi th  an i ns t r u m en t  d e ve lo pe d by 
Brown. Thi s  mat hemat i c s  t e s t  c o n s i s t e d  o f  f o u r t e e n  v e r b a l ,  
c h e m i s t r y - r e l a t e d  problems and e l e v e n  co mp u ta t i o n a l  prob­
l e m s .  The mat hemat ic s  c o n c e p t s  on the  exam i n c l u d e  l o g a ­
r i t h m s ,  e x p o n e n t s ,  r o o t s ,  and l i n e a r  and q u a d r a t i c  equa­
t i o n s ,  in a d d i t i o n  to  t h o se  t o p i c s  p re se nt ed  on the  t e l e v i ­
s i o n  t a p e s .  The a n a l y s i s  showed t ha t  t h i s  program o f  mathe­
m a t i c s  i n s t r u c t i o n  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  wi th  
o n l y  s l i g h t  g a i n s  made in  mat hemat i c s  competency and s l i g h t  
l o s s e s  o c u r r i n g  in c h e m i s t r y  by t h e  e x pe r i m e n t a l  group.  One 
wonders what the  outcome might  have been had the  s t u d e n t s  
been t e s t e d  over  .only m a t e r i a l  t h a t  depended upon the  mathe­
m a t i c s  s k i l l s  p r e s e n t e d  in the  t e l e v i s i o n  t a p e s .
Malone ( 1 9 7 7 )  e v a l u a t e d  the  exp e r i men ta l  c o u r s e ,  Chemi­
c a l  Mathematics  Pr ep a ra t i o n  w i t h i n  the  c h e m i s t r y  department  
a t  t h e  U n i v e r s i t y  o f  Iowa.  This  c ou r s e  was a one-hour
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c ou r s e  d e s i gn e d  to  a s s i s t  s t u d e n t s  who had low e n t e r i n g  
s c o r e s  on a l o c a l l y - a d m i n i s t e r e d  t e s t  o f  mat hemat ic s  s k i l l s .  
S t ud e n t s  were g i ven  i n f o r m a t i o n  about  t h e i r  performance on 
the  mat hemat ic s  exam and each s t u d e n t  then made the  d e c i s i o n  
o f  whether or n o t  to  e n t e r  the  Chemical  Mathematics  Prepara­
t i o n  c o u r s e .  S t ude nt s  who chos e  n o t  to  e n t e r  the mathemat­
i c s  c ou r s e  but  s t a y e d  in t he  c h e m i s t r y  c o u r s e ,  formed the;  
c o n t r o l  group f o r  t h i s  s t u d y .  In t h i s  d e s i g n  random a s s i g n ­
ment t o  e x p e r i m en t a l  t r e a t m e n t s  was i g n o r e d .  The p o p u l a t i o n  
o f  l o w - s c o r i n g  s t u d e n t s  was again d i v i d e d  i n t o  two subgroups  
on t h e  b a s i s  o f  t h e i r  mat hemat ic s  s c o r e s .  The e xp e r i m e n ta l  
group in t h e  upper range on the  pre t e s t  o f  mat hemat i c s  
s k i l l s  performed b e t t e r  in t he  pos t  t e s t  o f  mat hemat ic s  
s k i l l s  than did t h e i r  c o n t r o l  group c o u n t e r p a r t s  (p < . 0 5 ) .  
There was a l s o  some e v i d e n c e  t h a t  the  upper range exper imen­
t a l  group o b t a i n e d  h i gh er  c h e m i s t r y  g ra de s  than did the  con­
t r o l  group (p < . 0 8 ) .  However,  s i m i l a r  r e s u l t s  for  the  ' 
l ower end o f  t he  spectrum were not  o b s e r v e d .
Ramey ( 1 9 73 )  l i m i t e d  h i s  i n v e s t i g a t i o n  to  the  t h r e e  
mat hemat i ca l  s k i l l s  which most  o f t e n  caused d i f f i c u l t y  on 
c o l l e g e  freshman c h e m i s t r y  exams.  These s k i l l s  were m u l t i ­
p l i c a t i o n  and d i v i s i o n  o f  f r a c t i o n s  and d e c i m a l s ,  m u l t i p l i ­
c a t i o n  and d i v i s i o n  o f  e x p o n e n t i a l  numbers,  and u n i t  c o n v e r ­
s i o n s .  His  mat hemat i c s  pre t e s t  and pos t  t e s t  i nc lu de d o n l y  
t h e s e  t h r e e  s k i l l s .  S t udent s  were d i v i d e d  i n t o  t h re e  b l o c k s  
determined by t he  number ( o n e ,  two,  or t h r e e )  o f  s k i l l  d e f i -
i
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c i e n c i e s  t h e y  e x h i b i t e d .  The s t u d e n t s  in t h e s e  t h r e e  b l o c k s  
were randomly a s s i g n e d  to one o f  four  t r e a t m e n t s :  ( 1 )  no
i n f o r m a t i o n  on mat hemat i ca l  d e f i c i e n c i e s ,  ( 2 )  the  s t u d e n t s  
were t o l d  which s k i l l s  t h ey  were d e f i c i e n t  i n ,  ( 3 )  the  s t u ­
d e n t s  were t o l d  a r e f e r e n c e  so ur ce  where t h ey  cou l d  g e t  
rem ed i a l  h e l p  f o r  t h e i r  s p e c i f i c  d e f i c i e n c i e s ,  ( 4 )  the  s t u ­
d e n t s  were g i v en  a u n i t  o f  programmed i n s t r u c t i o n  to  h e lp  in  
r e m e d i a t i n g  t h e i r  d e f i c i e n c i e s .  The s t a t i s t i c a l  a n a l y s e s  
showed t h a t  s t u d e n t s  who used programmed i n s t r u c t i o n a l  ma­
t e r i a l s  and who had two or fewer s k i l l  d e f i c i e n c i e s  p er ­
formed s i g n i f i c a n t l y  (p < . 05 )  b e t t e r  on c h e m i s t r y  q u e s t i o n s  
r e q u i r i n g  t h e s e  s k i l l s  than did t h o s e  who did not  use the  
programmed m a t e r i a l s .  Apparent ly  programmed s e l f -  
i n s t r u c t i o n  i s  e f f e c t i v e  for  minimal  amounts o f  r emedia ­
t i o n .  S i n c e  s t u d e n t s  with t h r e e  s k i l l  d e f i c i e n c i e s  did  not  
b e n e f i t  from the  program, one might  h y p o t h e s i z e  t h a t  s t u ­
d e n t s  n ee d i ng  m a s s i v e  r e m ed i a t i o n  r e q u i r e  more p e r s o n a l  and 
e x p l a n a t o r y  i n s t r u c t i o n  than i s  p o s s i b l e  in  the  programmed,  
s e l f - i n s t r u c t i o n a l  mode.
Col l agen  ( 1 9 6 8 )  a l s o  used programmed m a t e r i a l s  w i t h i n  
t h e  c o n t e x t  o f  a c o l l e g e  i n t e g r a t e d  p h y s i c a l  s c i e n c e  c ou r s e  
t o  r em ed i a te  mat hemat i c s  s k i l l s  o f  s t u d e n t s  who e n t e r ed  c o l ­
l e g e  wi th  subs tandard c omp o s i t e  s c o r e s  on the  ACT examina­
t i o n .  He conc luded t h a t  programmed i n s t r u c t i o n  s p e c i f i c a l l y  
d e s i g n e d  for  the  mat hemat i c s  s k i l l s  needed in p h y s i c a l  s c i ­
ence  was more e f f e c t i v e  in r e m ed i a t i ng  mat hemat i c s  d e f i c i e n ­
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c i e s  than was more c o n v e n t i o n a l  mat hemat i c s  i n s t r u c t i o n .
F i n l a y s o n  ( 1 97 2 )  c ont ends  t h a t  the  f l e x i b i l i t y  o f  a 
c o n v e n t i o n a l  c l a s s ro om was import ant  in r e m e d i a t i n g  mathe­
m a t i c a l  d e f i c i e n c i e s  a s s o c i a t e d  wi th chemi ca l  c o n c e p t s  s i n c e  
t he  d e f i c i e n c i e s  in mat hemat i c s  background did not  occur  in  
vacuo but  r a t h e r  were o f t e n  accompanied by t he  absence  o f  
u n d e rs t an d in g  o f  fundamental  p h y s i c a l  or chemi ca l  p r i n c i - '  
p i e s .  He contended t h a t  d i g r e s s i o n s  e x p l a i n i n g  the  chemi ca l  
p r i n c i p l e s  can enhance the  mat hemat ic s  c u r r i c u l u m .
C l e w e l l  ( 1 9 6 5 )  was hampered in h i s  a t t emp t  to  t e ac h  
a l g e b r a  and c h e m i s t r y  as  an i n t e g r a t e d  c o ur s e  in the  e l e v ­
enth  grade  by a l a c k  o f  a t e x t b o o k  s p e c i f i c a l l y  d e s i gn e d  for  
such a c o u r s e .  A c o n t r o l  group was t a u g ht  the  same ma­
t e r i a l  in two s e p a r a t e  c o u r s e s .  In h i s  o p i n i o n  the  s t u d e n t s  
i n  the  i n t e g r a t e d  c o u r s e  had a g r e a t e r  dept h  o f  u nd e rs ta n d­
i ng  o f  t h e  m a t e r i a l .  However,  no s t a t i s t i c a l l y  s i g n i f i c a n t  
q u a n t i t a t i v e  d i f f e r e n c e  was found between the  two t r e a t ­
ments  .
Kolb ( 1 9 6 8 )  used Gagne’ s t a s k  a n a l y s i s  and h i e r a r c h i c a l  
schemes t o  d e s i g n  an i n s t r u c t i o n a l  s equence  in mat hemat i c s  
which was assumed to be n e c e s s a r y  for  s e l e c t e d  s c i e n c e  beha­
v i o r s .  The c o n t r o l  group s t u d i e d  mat hemat i c s  from the  regu­
l a r  f i f t h  grade  a r i t h m e t i c  t e x t .  Both groups  were t a u g h t  in 
a t r a d i t i o n a l  c la s s r o o m approach by t h e  same t e a c h e r .  
Although an a n a l y s i s  o f  the  r a t i o s  o f  p o s i t i v e  t r a n s f e r
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tended t o  show t h a t  the  m a t e r i a l  was n o t  h i e r a r c h i c a l l y  
o r de re d ,  t he  e x p e r i m e n t a l  group a ch i e ve d  s i g n i f i c a n t l y  (p  < 
. 05 )  h i g h er  s c o r e s  on t he  measure o f  s c i e n c e  ( s t a t i c  f r i c ­
t i o n )  performance than did the  c o n t r o l  group.  Kolb’ s s tu d y  
would seem t o  i n d i c a t e  t h a t  even though t he  s eq ue nc in g  o f  
mat hemat i ca l  t o p i c s  need not  be p r e c i s e l y  c o n t r o l l e d ,  i t  i s  
important  t h a t  a c o n s c i o u s  e f f o r t  be made to  a s s u r e  t h a t  the  
n e c e s s a r y  mat hemat i c s  c o m p e t e n c i e s  are  p o s s e s s e d  by t h e  s t u ­
dent  p r i o r  to  s c i e n c e  i n s t r u c t i o n .
Based on t he  r e v i e w  o f  t h e  l i t e r a t u r e  i t  can be con­
c l uded  t h a t  t h e r e  are  d e f i n i t e l y  s e v e r a l  ma t he mat i c a l  c on­
c e p t s  t h a t  are n e c e s s a r y  f o r  g e n e r a l  c h e m i s t r y  and i t  cannot  
be assumed t h a t  the  s t u d e n t  a t  e i t h e r  the  h i gh  s c h o o l  or  
c o l l e g e  l e v e l  i s  p r o f i c i e n t  in  t h e s e  mat hemat i c s  p r e r e q u i ­
s i t e s .  The problem e x i s t s  n o t  o n l y  wi t h  mechanics  o f  how to  
s u b t r a c t  7 . 9 5  -  6 . 3 5  but a l s o  with t he  r e a l i z a t i o n  t ha t  
g i v en  a mass o f  6 . 3 5 0  grams copper in 7*950 grams copper  
o x i d e ,  one can then f ind the mass o f  oxygen p r e s e n t  in t he  
sample ( Boot h ,  197*0.  However,  most s c i e n c e  c o u r s e s  e x i s t  
i n d e p e n d e n t l y  from mat hemat i c s  c o u r s e s  and most  t e a c h e r s  
c o n t i n u e  t e a c h i n g  in t h e i r  own d i s c i p l i n e  as i f  the  o t h e r  
d i s c i p l i n e  did not  e x i s t .  As Kolb ( 1 9 6 8 )  p o i n t s  o u t ,  t h e  
a c q u i s i t i o n  o f  t he  n e c e s s a r y  mat hemat i c s  s k i l l s  f o r  s c i e n c e  
u s u a l l y  occur  in one o f  two ways.  ( 1 )  The mat hemat i c s  a b i l ­
i t i e s  n e c e s s a r y  for  s c i e n c e  are  a t t a i n e d  as a part  o f  the  
s c i e n c e  c o ur s e  or ( 2 )  the mat hemat ic s  a b i l i t i e s  are o bt a i ne d
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in a mat hemat ic s  c o u r s e .  The second o f  t h e s e  a l t e r n a t i v e s  
r e q u i r e s  a more c o n s c i o u s  e f f o r t  to  a s su r e  t h a t  n e c e s s a r y  
mat hemat i c s  c o m p e t e n c i e s  are acquired  pr i or  to or c o n c ur r e n t  
w it h  s c i e n c e  i n s t r u c t i o n .  Improved c o o r d i n a t i o n  and c o o p e r ­
a t i o n  can be d e ve lo pe d  wi th ou t  s a c r i f i c i n g  the  o b j e c t i v e s  o f  
e i t h e r  program (Cain & Lee ,  1963) r e s u l t i n g  in b e t t e r  i n d i ­
v i d u a l  programs.  I f  t h i s  type  o f  c o o p e r a t i o n  i s  n o t  d e v e l ­
oped and i f  s t u d e n t s  c o n t i n u e  t o  f e e l  t h r e a t e ne d  by t h e  
ma t he ma t i ca l  demands o f  c h e m i s t r y  and o th er  s c i e n c e  c o u r s e s  
then we can e x p e c t  t h a t  t he  mat hemat i ca l  r e q u i rem en ts  in 
i n t r o d u c t o r y  s ur vey  c o u r s e s  and the  c onc omi t an t  o p p o r t u n i t y  
f o r  s t u d e n t s  to  use mathemat i cs  w i l l  be r e p l a c e d  by 
n o n - m a t h e m a t i c a l l y  o r i e n t e d  c h e m i s t r y  c o u r s e s  (Brown,  1976) .
Learni ng  T h e o r i e s  Suppor t i ng  An A p p l i c a t i o n s - o r i e n t e d
Mathematics  Curriculum
S e v e r a l  t h e o r i e s  o f  l e a r n i n g  s upport  the  use o f  a p p l i ­
c a t i o n s  in a mathemat ics  c o u r s e .  In o t h e r  c o n t e n t  a r e a s  i n ­
v e s t i g a t o r s  have shown t h a t  s t u d e n t s  exposed to c o n t e n t  
w i t h i n  a c o n t e x t u a l  s e t t i n g  s core  h i gh er  on an exam o f  con­
t e n t  than do s t u d e n t s  exposed to  the  same c o n t e n t  d evo i d  o f  
any c o n t e x t u a l  s e . t t i n g  (Faus t  & Anderson,  1967 ) .  I t  i s  a 
p l a u s i b l e  argument t h a t  f o r  s t u d e n t s  c o n c u r r e n t l y  t a k i n g  
c h e m i s t r y  a mat hemat i c s  c ou r s e  embodying c h e mi s t r y  a p p l i c a ­
t i o n s  may p r o v i d e  t he  n e c e s s a r y  m o t i v a t i o n  to  l e a r n  mathe­
m a t i c s .  Af t e r  a n a l y z i n g  t h re e  d i f f e r e n t  m o t i v a t i o n a l  s t u ­
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d i e s ,  Pophara (1969)  c o n c l u d e d ,  " i n t e r e s t i n g  c u r r i c u l a r  ma­
t e r i a l s  w i l l  be more e f f e c t i v e  than u n i n t e r e s t i n g  m a t e r i ­
a l s . "  Hol tan (1964)  showed t h a t  i t  i s  important  to  match the  
a p p l i c a t i o n s  p r e se n t e d  in c l a s s room m a t e r i a l s  to  the  
s t u d e n t ’ s i n t e r e s t .  He showed t ha t  s t u d e n t s  s t r o n g l y  i n t e r ­
e s t e d  in t h e  a p p l i c a t i o n s  used to i l l u s t r a t e  ma the mat i c a l  
c o n c e p t s  s co r ed  h i gh er  on both a c q u i s i t i o n  and r e t e n t i o n  
t e s t s  o f  mat hemat i ca l  s k i l l s  ( i n e q u a l i t i e s )  than did s t u ­
d e n t s  not  i n t e r e s t e d  in t he  i n c l ud e d  a p p l i c a t i o n s .  Se v e r a l  
i n v e s t i g a t o r s  (Lepper ,  1973; Weiner ,  1974) have shown t h a t  
i n t r i n s i c  m o t i v a t i o n  i s  s u p e r i o r  to e x t r i n s i c  m o t i v a t i o n  to  
f a c i l i t a t e  l e a r n i n g .  Based on t h e i r  r e s u l t s  we might  c o n ­
c l u d e  t h a t  as  l i t t l e  e x t r i n s i c  m o t i v a t i o n  as  p o s s i b l e  should  
be used to  m o t i v a t e  s t u d e n t s  to  s tudy  ma t he ma t i c s .  In a 
s t u d e n t  p o p u l a t i o n  which s c o r e s  low on mat hemat i ca l  a c h i e v e ­
ment and f o r  whom t h e r e  i s  a p a s t  record o f  f a i l u r e ,  i n t r i n ­
s i c  m o t i v a t i o n  t o  s tudy  mat hemat i c s  f o r  the  beaut y  and l o g i ­
c a l  order  t o  be found in t h e  s u b j e c t  i s  q u i t e  low or even  
n o n - e x i s t e n t .  A s s o c i a t e d  wi th  t h i s  i s  the  problem o f  how to  
m o t i v a t e  p o o r l y  a c h i e v i n g  mat hemat i c s  s t u d e n t s  to  p e r c e i v e  a 
need t o  and d e s i r e  to  s tudy  ma t he ma t i c s .  The c h e m i s t r y  
c ou r s e  demands t h a t  s t u d e n t s  have  s p e c i f i c  a l g e b r a i c  s k i l l s .  
In t he  t h e o r y  d e a l i n g  wi th t he  h e i r a r c h y  o f  m o t i v a t i o n s ,  t h e  
need t o  l e a r n  a s k i l l  (mat hemat i c s )  as a means o f  s o l v i n g  
( c h e m i s t r y )  problems i s  more i n t r i n s i c  than the  promise  o f  a 
high grade or t h r e a t  o f  f a i l u r e .  Lock e ' s  (1 96 8 )  t h e o r y  o f
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g o a l  s e t t i n g  h y p o t h e s i z e s  t h a t  an i n d i v i d u a l ' s  c o n s c i o u s  
g oa l  s e t t i n g  r e g u l a t e s  h i s  or her a c t i o n s .  S p e c i f i c  hard to  
a c h i e v e  g o a l s  l e a d  to  h i gh er  l e v e l s  o f  t a s k  performance  than  
do g e n e r a l i z e d  g o a l s  o f  "do your bes t"  or no c o n s c i o u s  g oa l  
a t  a l l .  Thus we could  c o n c lu de  t h a t  be ing  a b l e  t o  work t h e  
c h e m i s t r y  problems may p r o v i d e  a c o n s c i o u s  goa l  for  t h e s e  
p o o r l y  mo t i v a te d  mat hemat i c s  s t u d e n t s .  For the  p o p u la t i o n  
o f  t he  p r e s e n t  s tud y  t he  s t u d e n t s  seem to  e x h i b i t  what 
Weiner (1974)  terms " l e ar ne d h e l p l e s s n e s s , "  b e s t  e xp r es s ed  
by "Nothing I do m a t t e r s . "  A s u c c e s s f u l  m o t i v a t i o n a l  s t r a t e ­
gy f o r  such s t u d e n t s  might  depend upon the  s t u d e n t  p e r c e i v ­
i ng  t h e  mat hemat i c s  c o u r s e  as  be in g  an a id to s o l v i n g  chem­
i s t r y  problems .  The mat hemat i c s  f o r  c h e m i s t r y  c o u r s e  i s  ad­
v e r t i s e d  as  b e i ng  an a id  to h e l p i n g  the s t u d e n t  wi th  a c h i e v ­
i n g  in c h e m i s t r y  and hence t he  s t u d en t  may be h i g h l y  m o t i ­
va t ed  a t  the  o n s e t  o f  the  c o u r s e .  I t  i s  assumed t h a t  u n l e s s  
the  s t u d e n t  c o n t i n u a l l y  p e r c e i v e s  the  c o u r se  as be in g  use. ful  
t o  the  a c q u i s i t i o n  o f  c h e m i s t r y  s k i l l s  by r e g u l a r l y  showing  
examples  o f  how t h e  mat hemat i c s  p r e se n t e d  can be used in 
c h e m i s t r y  the  o r i g i n a l  m o t i v a t i o n a l  d r i v e  may be e x t i n ­
g u i s h e d .
On the  o t h e r  hand,  many c h e m i s t s  v i ew t h e  problem as 
d e a l i n g  wi th t r a n s f e r  r a t h e r  than m o t i v a t i o n  to s t udy  mathe­
m a t i c s .  That i s ,  t he  problem,  as  e xp r es s ed  by t h e  c h e m i s t ,  
i s  t h a t  s t u d e n t s  cannot  t r a n s f e r  the mathemat i cs  t r a i n i n g  
r e c e i v e d  in the  mat hemat ic s  c l a s s ro om to the  c he m i s t r y  s e t ­
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t i n g .  S c h u l z  ( 1 9 6 0 )  m a i n t a i n s  t h a t  t r a n s f e r  i s  o p e r a t i v e  in  
a l l  e d u c a t i o n a l  s e t t i n g s  but  t h a t  t r a i n i n g  o f t e n  c a u s e s  neg­
a t i v e  t r a n s f e r .  Detour problems and c o g n i t i v e  f i x e d n e s s  may 
both tend t o  have n e g a t i v e  e f f e c t s  on the  d e s i r e d  beha­
v i o r .  For example ,  s u b j e c t s  who have been i n s t r u c t e d  on the  
use  o f  a s w i t c h  to  comple te  an e l e c t r i c a l  c i r c u i t  are much 
l e s s  l i k e l y  t o  use t he  s w i t c h  as a pendulum bob than are  - 
s u b j e c t s  not  g i v e n  the  p r e v i o u s  t r a i n i n g  (B i r ch  & Rabino-  
w i t z ,  1 9 51) .  On t he  o t h e r  hand,  s t u d e n t s  i n s t r u c t e d  t ha t  
wa s h er s ,  t i n  c a n s ,  and mouse t r a p s  might  be  used as  pendulum 
bobs are  more l i k e l y  to  use t h e  s w i t c h  as a pendulum bob 
than are  t h o s e  n o t  g i v e n  the  pr e v i o u s  t r a i n i n g  ( S c h u l z ,
1 96 0 ) .  As t h e s e  s t u d i e s  i n d i c a t e ,  p r e v i o u s  t r a i n i n g  can be 
e i t h e r  f a c i l i t a t i n g  or d e b i l i t a t i n g  and the  s a l i e n t  dimen­
s i o n  seems t o  be s i m i l a r i t y  between p r e v i ou s  t r a i n i n g  and 
t he  t r a n s f e r  t a s k .  Thus,  s t u d e n t s  who are exposed r e p e a t e d ­
l y  t o  the  s o l u t i o n  o f  a l g e b r a i c  formulas  d e vo i d  o f  the  con­
t e x t u a l  s e t t i n g  or w i t h i n  d r a s t i c a l l y  d i f f e r e n t  c o n t e x t u a l  
s e t t i n g s  from the c h e m i s t r y  c l a ss ro o m may e x h i b i t  n e g a t i v e  
t r a n s f e r  e f f e c t s .  P o s i t i v e  t r a n s f e r  from t a s k s  o f  i n i t i a l  
l e a r n i n g  to  s i m i l a r  t a s k s  i s  g r e a t e r  than t r a n s f e r  to v e r y  
d i s s i m i l a r  ones  (.Me C l i n t o c k ,  1974; Van Wagenen, 1975; 
W i l l i a m s ,  1966; Traub,  1 9 66) .  The c o n c l u s i o n  o f  Wheeler and 
Kass (1977)  when s t u d y i n g  h igh s c h oo l  c h e m i s t r y  s t u d e n t s  was 
t h a t  t h e r e  was low t r a n s f e r a b i l i t y  between g e n e r a l  pro­
p o r t i o n a l  r e a s o n i n g  and p r o p o r t i o n a l  r ea s o n in g  in the  chem­
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i s t r y  c o n t e x t .  The Na t i o n a l  L o n g i t u d i n a l  Study o f  Mathemat­
i c s  A b i l i t y  (MLSMA) Report  #12 (Wi l son ,  Cahen, & B e g l e ,
1968)  r ep o r t ed  t h a t  "One o f  t he  c l e a r e s t  c o n c l u s i o n s  to  be 
drawn from t h e  r e s u l t s  i s  t h a t  s t u d e n t  ach i evement  to  a sub­
s t a n t i a l  e x t e n t  m i r r o r s  the  c o n t e n t  t r e a t e d  in t he  t e x t b o o k :  
s t u d e n t s  are  more l i k e l y  t o  l e a r n  what t h e y  have  been t a u gh t  
than something  e l s e . "  The i m p l i c a t i o n s  from t r a n s f e r  r e -  . 
s e a r c h  are  t h a t  i f  t h e  g oa l  i s  to  have s t u d e n t s  a b l e  to  use  
mat hemat ic s  f o r  s o l v i n g  c he m i s t r y  probl ems ,  then c h e m i s t r y  
problems  must be d e a l t  wi th  in t he  c u r r i c u l u m .  F u r t h e r ,  
t h e r e  i s  some e v i d e n c e  ( Wenze l b urger , 1974)  t h a t  use o f  a 
c o n c r e t e  model  i n v o l v i n g  r e l e v a n t  r u l e s  i s  an e f f e c t i v e  
s t r a t e g y  f o r  e l i c i t i n g  p o s i t i v e  t r a n s f e r  to s i m i l a r  t a s k s .
Van Wagenen ( 1 9 75 )  s u g g e s t s  t h a t  o v e r - l e a r n i n g  c o n t r i ­
b u t e s  t o  a s t u d e n t ' s  a b i l i t y  to  e x h i b i t  p o s i t i v e  t r a n s f e r .  
P r a c t i c e  must be r e l a t i v e l y  i n t e n s i v e  and the  t a s k s  must be  
f a i r l y  homogeneous f o r  mas t ery  o f  the  i n i t i a l  e x p e r i e n c e s  
and f o r  the  purpose  o f  forming a t r a n s f e r  b a s e .  Indeed,  e f ­
f e c t i v e  p o s i t i v e  t r a n s f e r  a l s o  may be a f u n c t i o n  o f  r e t e n ­
t i o n  ( S c h u l t z ,  1 9 60) .  One c e r t a i n l y  cannot  u t i l i z e  a f o r ­
g o t t e n  mat hemat i ca l  s k i l l  as a t o o l  in s o l v i n g  a c h e m i s t r y  
problem.  The r e t e n t i o n  curve  i s  q u i t e  s t e e p  in t he  b e g i n ­
n i ng  and i n t e r m e d i a t e  s t a g e s .  Hence i f  we wish to  have s t u ­
d e n t s  u t i l i z e  ma the mat i c a l  s k i l l s  in c h e m i s t r y  we must ask  
them t o  use t h e s e  s k i l l s  b e f o r e  t h ey  have been f o r g o t t e n .
The c on c u rr e n t  use o f  t h e s e  mat hemat i c s  s k i l l s  in the  chemr-
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i s t r y  c la s s r o o m may r e i n f o r c e  the  l e a r n i n g  o f  t he  o r i g i n a l  
mat hemat i c s  s k i l l s .  Hence t h e  s l o p e  o f  t h e  r e t e n t i o n  curve  
might  be l e s s e n e d  and r e t e n t i o n  enhanced.  Landau & A i n s l i e  
(1975)  s t u d i e d  s t u d e n t s  who were t a u g ht  in c o l l  eg e - s t y l e  
m a t h e m a t i c s - s c i e n c e  c o u r s e s .  They found t h a t  s t u d e n t s  who 
used t h e  m a t e r i a l  in anot her  c o n t e x t u a l  s e t t i n g  f o r g e t  v ery  
l i t t l e  o f  the  o r i g i n a l l y  l e arn ed  m a t e r i a l  in the  space  o f  a 
y e a r .  R e s e a rc h er s  (Winne,  Hauck, & Moore, 1975)  in o t h e r  
c o n t e n t  a re as  have  shown t h a t  r e t e n t i o n  was enhanced when 
i m p l i c i t  r e p e t i t i o n  w i t h i n  the  same c a t e g o r y  i s  used as op­
posed t o  e x p l i c i t  r e p e t i t i o n  o f  o r i g i n a l  members.  Ap p l i ­
c a t i o n s  o f  a mat hemat i c s  s k i l l  can be viewed as an i m p l i ­
c i t  r e p e t i t i o n  o f  a mat hemat i c s  s k i l l  and a l o g i c a l  e x t e n ­
s i o n  o f  t h i s  r e s e a r c h  would h y p o t h e s i z e  t h a t  mat hemat i c s  
s k i l l s  w i l l  be r e t a i n e d  b e t t e r  i f  t h e y  are r e i n f o r c e d  
through methods o t h e r  than e x p l i c i t  r e p e t i t i o n .
Al though problem s o l v i n g  i s  h i gh  on t h e  continuum o f  
d i s c o v e r y  o f  the  c o r r e c t  r e s p o n s e ,  as  opposed to  be ing  t o l d  
or shown the  c o r r e c t  r e s p o n s e ,  i t  s t i l l  seems t h a t  t h i s  type  
o f  b e ha v i or  i s  b e s t  e l l i c i t e d  ( l e a r n e d )  when t h e  s u b j e c t  i s  
g i v e n  p r a c t i c e  in  d e a l i n g  wi th problem s o l v i n g .  D r e s s e l  & 
Mayhew (1 95 4)  conc luded t h a t  o b j e c t i v e s  were b e s t  ach i eved  
when l e a r n i n g  e x p e r i e n c e s  were devoted  to them. In p a r t i c u ­
l a r ,  i f  the  g o a l  i s  promot ing s k i l l  in problem s o l v i n g ,  t he  
l e a r n e r  must have  an o p p o r t u n i t y  to  s o l v e  probl ems .  I t  i s  
not  unusual  to  o b s e r v e  t h a t  the  most s a l i e n t  f e a t u r e  o f  good
38
problem s o l v e r s  i s  t h a t  t h ey  have  had p r a c t i c e  and i n s t r u c ­
t i o n  in problem s o l v i n g  (Vos ,  1976; R i e d e s e l ,  1969) .  An 
i m p l i c a t i o n  o f  t h i s  r e s e a r c h  on problem s o l v i n g  i s  t h a t  i f  
t he  l e a r n e r  i s  to  s o l v e  problems in mat hemat i c s  he must have
an o p p o r t u n i t y  t o  s o l v e  problems in mat hemat i c s  no t  j u s t
p r a c t i c e  s o l v i n g  problems in o t h e r  a r e a s . I n  p a r t i c u l a r  i f  
s t u d e n t s  are  to s o l v e  c h e m i s t r y  problems  the  mat hemat i ca l  
t e c h n i q u e s  u s e f u l  for  such problems  must be a p p l i e d  to  chem­
i s t r y  problems .  P r a c t i c e  on problem s o l v i n g  may reduce  a 
problem a t  one c o g n i t i v e  l e v e l  (Bloom,  1956) to  a problem at
a lower c o g n i t i v e  l e v e l .  A s t u d e n t  who has n o t  had any
p r a c t i c e  w i t h  c h e m i s t r y  a p p l i c a t i o n s  may need to  work at  the  
l e v e l  o f  a n a l y s i s  w h i l e  t he  s t u d e n t  who has had p r a c t i c e  
wi t h  t h e s e  t y p e s  o f  problems may be working a t  t h e  lower  
l e v e l  o f  a p p l i c a t i o n  or comprehens ion .
The problem s o l v i n g  c o n t e x t  o f  a p p l i c a t i o n s  may be o f  a 
s u f f i c i e n t l y  h i gh  l e v e l  o f  a b s t r a c t n e s s ,  g e n e r a l i t y ,  and i n ­
c l u s i v e n e s s  t o  meet A u s u b e l ' s  ( 1 9 6 3 )  r e q ui rem en ts  for  an ad­
vance o r g a n i z e r .  However,  Barnes and Cl awson ' s  ( 1 97 5 )  re ­
v i e w o f  t h e  l i t e r a t u r e  did not  e s t a b l i s h  the  e f f i c a c y  o f  
u s i n g  the  t e c h n i q u e  o f  advance o r g a n i z e r s .  The s a l i e n t  f e a ­
t u r e  o f  p r o v i d i n g  an anchor i ng  framework in  which to  couch  
i n s t r u c t i o n  seems to  f a c i l i t a t e  l e a r n i n g ,  but  t h i s  framework 
can be used wi th  the  o r g a n i z e r s  p l a c e d  a f t e r  the  l e s s o n  
(Rothkopf ,  1966; Baumon e t  a l . ,  1969) .  L i k e w i s e ,  B e l l  
(1 9 7 3)  s u g g e s t s  t h a t  mat hemat i c s  a p p l i c a t i o n s  can p rov i de
39
i n t e g r a t i n g  s t r u c t u r e s  i n t o  which new dat a  may be a s s i m i l a t ­
ed .
Curriculum Theory
In summarizing and respondi ng  t o  the  1967 Athens ,  Geor­
g i a ,  c o n f e r e n c e  on needed r e s e a r c h  in  mathemat ics  e d u c a t i o n  
Ralph Tyler  w r o t e ,  " . . . t h e  c o n t r i b u t i o n s  o f  r e s e a r c h  are  
l a r g e l y  t o  f o rm u l a t e  r e l e v a n t  c o n c e p t s  and g e n e r a l i z a t i o n s .  
Those s e r v e  to  g u i d e  t e a c h e r s  and curr i cu l um makers by s e n ­
s i t i z i n g  them to  f a c t o r s  to  c o n s i d e r  in planning  t h e i r  work 
and cue s  t o  f o l l o w  in  c l a s s room i n s t r u c t i o n  r a t he r  than f ur ­
n i s h i n g  p a r t i c u l a r  r u l e s  o f  a c t i o n  or a f f o r d i n g  s p e c i f i c  
answers  to  s p e c i f i c  q u e s t i o n s . "  In d e v e l o p i n g  a s t r u c t u r e  
around which to  base  r e s e a r c h  in  c u r r i c u l u m,  Posner (197*1) 
c r e a t e s  a 2 x 3 x 2 m a t r i x .  The f i r s t  d imens ion d e s c r i b e s
the  e x t e n t  o f  t h e  curr i cul um wi th two components ,  i n t e r  and 
2
i n t r a ,  The second dimension d e s c r i b e s  commonal i ty  wi t h  
t h r e e  components ,  r e p e a t e d ,  r e l a t e d ,  and u n r e l a t e d .  The 
i n t e r - l e v e l  o f  the  e x t e n t  d e s c r i b e s  commonal i ty  w i t h i n  the  
c ur r i c u l u m .  Content  e l e m en t s  may be r e p e a t e d ,  r e l a t e d ,  or  
u n r e l a t e d .  The t h i r d  d imension d e s c r i b e s  t e m p o r a l i t y  and 
has two components ,  v e r t i c a l  and h o r i z o n t a l .  The v e r t i c a l  
component i s  u s u a l l y  t he  e l emen t  t h a t  i s  d e s c r i b e d  by s e -
2
To avoid c o n f u s i o n  t h i s  author has used i n t e r  and 
i n t r a  to  d e s c r i b e  t he  e x t e n t  r a t h e r  than macro and 
mi cro— the terms  used by Posner .  Macro and micro w i l l  be 
used f o r  a very  s p e c i f i c  meaning l a t e r  in the  next  c h a p t e r .
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quencing  s t r a t e g i e s  w h i l e  t h e  h o r i z o n t a l  component d e s c r i b e s  
c o n c u r r e n t  s t r a t e g i e s  t h a t  a f f e c t  s t u d e n t s .  See Table  2 f o r  
c l a r i f i c a t i o n  and examples  o f  the  e l em en t s  o f  t h i s  m a t r i x .  
The p r e s e n t  curr i cu l um emphasizes  a r e l a t e d  commonal i ty  
s t r u c t u r e  w h i l e  v ary i ng  the o t he r  tv/o d i m e n s i o n s .  The 
i n t e r - h o r i z o n t a l  s t r u c t u r e  o f  the  mat hemat i c s  and c h e m i s t r y  
c o u r s e s  be in g  o f f e r e d  c o n c u r r e n t l y  i s  c e n t r a l  to  the  e n t i r e  
de ve lopme nt .  However,  the  i n t r a - v e r t i c a l  deve lopment  o f  the  
curr i cu l um c o n t e n t  m a t e r i a l s  f o r  the  mat hemat ic s  c o u r se  has  
been the  primary concern o f  t h i s  a ut ho r .
The q u e s t i o n  o f  how curr icul um m a t e r i a l s  should  be s e ­
quenced has no d e f i n i t i v e  answer .  However,  Posner and 
S t r i k e  ( 1 97 6 )  have s u pp l i e d  a c a t e g o r i z a t i o n  scheme for  
p r i n c i p l e s  o f  s e q ue nc i ng  c o n t e n t .  The f i v e  major t y p e s  o f  
s eq ue nc ing  p r i n c i p l e s  t h a t  are d e s c r i b e d  are w o r l d - r e l a t e d ,  
c o n c e p t - r e l a t e d ,  i n q u i r y - r e l a t e d ,  l e a r n i n g - r e l a t e d ,  and 
u t i l i z a t i o n - r e l a t e d .  W o r l d - r e l a t e d  deve l opment s  r e f l e c t  em­
p i r i c a l l y  d e f i n e d  r e l a t i o n s  between e v e n t s ,  p e o p l e ,  and 
t h i n g s .  C o n c e p t - r e l a t e d  deve lopment s  r e f l e c t -  the  o r g a n i z a ­
t i o n  o f  i d e a s .  Cur r i cu l a  ordered around t h i s  type  r e f l e c t  
t he  s t r u c t u r e  o f  knowledge in i t s  f i n a l  form.  I n q u i r y -  
r e l a t e d  deve l opment s  r e f l e c t  the  way i n  which knowledge i s  
produced.  L e a r n i n g - r e l a t e d  deve l opment s  are based upon edu­
c a t i o n a l  p s y c h o l o g y  t h e o r i e s  o f  l e a r n i n g .  U t i l i z a t i o n -  
r e l a t e d  deve l opment s  r e f l e c t  how t he  s t u d e n t  w i l l  use the  
m a t e r i a l  in c o n t e x t s  o u t s i d e  o f  t he  immediate  c l a s s r o o m .
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TABLE IX








Inter: Using the 
same techniques 
for remedial alge­
bra in college as 












Intra: On two suc­
cessive meetings 
math class deals 
with solution of 
the same linear 
equations.
Intra: A discussion 
of change' of units 
of measurement fol­
lows a discussion 
of multiplication 
of fractions.
Intra: Lesson on 
linear inequali­




statistics in both 
the education and 
psychology depart­
ments in the same 
semester.
Inter: Chemistry 
that uses algebra 
to solve problems 
taught the same 
semester as alge­
bra that uses 
chemistry applica­
tions .
Inter: U.S. History 





Intra: In 7th grade 
mathematics neat­
ness of appearance 
is emphasized con­
currently with 
neatness of written 
work.
Intra: At the same 
time the chemistry 
lecture is discuss­
ing the theoretical 
basis of oxidation- 
reduction reactions 
the lab is perform­
ing redox experi­
ments .
Intra: During a 
unit on set theory 
a guest lecturer 
speaks on solar 
energy.
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Within each major type  t h e r e  are numerous s u b - t y p e s  and most
c u r r i c u l a  are  m i x t u r e s  and c o m bi n a t i o n s  o f  s e v e r a l  major
t y p e s  and s u b - t y p e s .  The p r e s e n t  deve lopment  i s  p r i m a r i l y
concerned wi th  c o n c e p t - r e l a t e d  and u t i l i z a t i o n - r e l a t e d  major
t y p e s .  Within the  c o n c e p t - r e l a t e d  major type the  important
s u b - t y p e  f o r  t h i s  deve lopment  has  been l o g i c a l  p r e r e q u i s i t e .
As Phenix ( 1964 ,  p 280)  ar gu e s ,
I f  one s u b j e c t  l o g i c a l l y  depends  upon the  c o n c l u s i o n s  o f  
a not he r  s u b j e c t ,  then c l e a r l y  t h e  former s u b j e c t  must  
f o l l o w  t he  l a t t e r  s u b j e c t  in a c o u r se  o f  s t u d y .  . . .
As noted e a r l i e r ,  t h e r e  are  many p o s s i b l e  l o g i c a l  
s e q u e n c e s  for  i n s t r u c t i o n  in any g i v e n  d i s c i p l i n e .  A 
p i c t u r e  p u zz l e  can be put t o g e t h e r  s t a r t i n g  wi th  any 
p i e c e .  However,  once  t h a t  p i e c e  i s  in p o s i t i o n ,  t he  
l o g i c  o f  t h e  p u z z l e  b e g i n s  to  u n f o l d ,  as each added 
p i e c e  g i v e s  h i n t s  about  n e ig h b o r i n g  p i e c e s  t h a t  must be  
i n t e g r a t e d  i n t o  the  t o t a l  p a t t e r n .
L o g i c a l  p r e r e q u i s i t e s  should not  be confused  wi th e m p i r i c a l  
p r e r e q u i s i t e s  (Gagne,  1970) ,  a s u b - t y p e  w i t h in  l e a r n i n g -  
r e l a t e d  s t r a t e g i e s .  Within the  u t i l i z a t i o n - r e l a t e d  major  
t yp e  t he  s ubt ype  a n t i c i p a t e d  f requency  (or  o rd e r)  o f  u t i l i ­
z a t i o n  has played a major r o l e  in t he  c u r r e n t  d e ve lopme nt .  
The l i k e l i h o o d  o f  e n c o u n t e r s  the  s t u d e n t  w i l l  have wi th the  
a p p l i c a t i o n  m a t e r i a l  i s  p r e d i c t e d  and the  mat hemat ic s  i s  o r ­
dered a c c o r d i n g  to the  a n t i c i p a t e d  sequence  o f  a p p l i c a t i o n s .
CHAPTER I I I  
CONSTRUCTION OF CURRICULUM MATERIALS
Thi s  c h a p t e r  p r e s e n t s  a d i s c u s s i o n  o f  the  c o n s t r u c t i o n  
o f  c ur r i c ul um m a t e r i a l s .  S ince  curr i cul um e f f o r t s  o f  t h i s  
n a tu r e  are  not  s t a n d a r d ,  i t  was n e c e s s a r y  to  e s t a b l i s h  a 
procedure  t h a t  would take  i n t o  account  the  l i t e r a t u r e  pre ­
s e n t e d  in Chapter 2.  The f o l l o w i n g  g u i d e l i n e s  were d e v e l ­
oped in an a t t emp t  to  c o n s t r u c t  curr i cu l um m a t e r i a l s  (See  
Appendix 1) t h a t  would: (1)  meet the  n ee ds  e x p r e s s e d  by
m a t he ma t i c ia n s  f o r  a mat hemat ic s  course  embodying non­
c o n t r i v e d  a p p l i c a t i o n s ;  and ( 2 )  meet t h e  needs  e x p r es s e d  by 
c h e m i s t s  f o r  a mat hemat ic s  c o ur s e  t h a t  p r e s e n t s  most o f  the  
mat hemat i c s  s k i l l s  used in c h e m i s t r y  and p r o v i d e s  p r a c t i c e  
with  mat hemat i ca l  problem s o l v i n g  in the  c h e m i s t r y  c o n t e x t .
To meet t he  needs  o f  the  mat hemat i c s  and c h e m i s t r y  edu­
c a t o r s  two macro p r i n c i p l e s  were i n s t i t u t e d .  Macro p r i n c i ­
p l e s  de te rmi ne  t h e  c o n t e n t  to be i n c l ud e d  in the  c u r r i c u l u m .  
The form through which t h e s e  macro p r i n c i p l e s  are i n c o r p o ­
r at ed  i n t o  t he  curr i cu l um m a t e r i a l s  i s  de termined by micro  
p r i n c i p l e s .  Micro p r i n c i p l e s  de te rmi ne  c o n t e x t u a l  s e t t i n g  
and s e q u e n c i n g  fo-r the  c o n t e n t  d e f i n e d  in t he  ma cro ' - pr i nc i ­
p l e s .
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Macro P r i n c i p l e s  Governing t he  C o n s t r u c t i o n  
o f  the  Curriculum M a t e r i a l s
*• C r i t e r i a  f o r  c o n t e n t  i n c l u s i o n . The mat hemat i c s  s k i l l s  
must be c ongr ue nt  wi th  t h e  f o l l o w i n g  needs  o f  t h e s e  p a r t i c u ­
l a r  s t u d e n t s .
A. The s k i l l s  emphasized in t h e  usual  c o l l e g e  i n t e r m e ­
d i a t e  a l g e b r a  c o u r se  must be i n c l u d e d .
B. Al l  r e q u i s i t e  mat hemat ic s  s k i l l s  f o r  g e n e r a l  chem­
i s t r y  must be i n c l u d e d .  ( See  Table  1 . )
Micro P r i n c i p l e s  Governing t h e  C o n s t r u c t i o n  
o f  the  Curriculum M a t e r i a l s
I . C r i t e r i a  f o r  c o n t e x t u a l  s e t t i n g  o f  c o n t e n t ;
A. A p p l i c a t i o n s  o f  each  mat hemat i c s  s k i l l  should be  
used in the  c o n t e x t  o f  g e n e r a l  c h e m i s t r y .
B. These a p p l i c a t i o n s  cannot  be c o n t r i v e d .  They must  
be a p p l i c a t i o n s  f o r  which t h e r e  i s  a h i gh  p r o b a b i l i t y  t h a t  
t he  g e n e r a l  c h e m i s t r y  s t u d e n t  w i l l  e nc ount er  them in t he  
g e n e r a l  c h e m i s t r y  c o u r s e .
* • C r i t e r i a  f o r  s e q u e n c i ng  o f  c o n t e n t :
A. The s equence  in which the  s t u d e n t  i s  l i k e l y  t o  en ­
co u n t er  c h e m i s t r y ' a p p l i c a t i o n s  in t he  c h e m i s t r y  co u r se  
s hould  be adhered t o .  (Posner  & S t r i k e  , 1976 )
B. The mat hemat i ca l  t o p i c s  must be sequenced ac cor di n g  
to  l o g i c a l  mat hemat i ca l  p r e r e q u i s i t e s .  I f  the  s eq ue nc ing  in 
(A) and (13) are in c o n f l i c t  then the  s eq uenc i ng  determined
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by ( B) t akes  p r e c e d e n c e .
C. The c he mi c a l  a p p l i c a t i o n  o f  a mat hemat i ca l  c on c ep t  
should  be placed wi th  the  i n s t r u c t i o n  on t h a t  mat hemat i ca l  
c o n c e p t .  Sometimes the problem c o n t e x t  o f  t he  c h e m i s t r y  ap­
p l i c a t i o n  i s  p re se nt ed  as a p r e o r g a n i z e r  or m o t i v a t i o n  for  
d e v e l o p i n g  a g i v e n  mat hemat i ca l  s k i l l ;  more o f t e n  the  con­
t e x t u a l  s e t t i n g  i s  p r e se n t e d  immedi a t e l y  a f t e r  the  mathemat­
i c a l  s k i l l  has  been deve l oped  thus  g i v i n g  the  s t u d e n t s  an 
immediate  example t o  which t h e y  can apply  the  mat hemat i ca l  
t e c h n i q u e .
D. The c he m i s t r y  t o p i c s  must be  sequenced accordi ng  to  
l o g i c a l  c h e m i s t r y  p r e r e q u i s i t e s .  When p r i n c i p l e  (D) i s  in 
c o n f l i c t  wi th  p r i n c i p l e  ( C) ,  p r i n c i p l e  (D) t a k e s  p r e c e d e n c e .  
P r i n c i p l e s  (A) and ( B) may a l s o  confound s eq ue nc in g  p r i n c i ­
p l e  ( D ) .  The l o g i c a l  s equenc i ng  o f  t he  mat hemat i c s  and then 
the  l o g i c a l  s eq uenc i ng  o f  the  c h e m i s t r y  t a k e s  pre ce de nc e  
over  the  p r o x i m i t y  p r i n c i p l e  for  a p p l i c a t i o n s .  Cons ider  the  
f o l l o w i n g :  Suppose c he m i s t r y  a p p l i c a t i o n ,  P, t o  mat hemat i c s  
c o n c e p t ,  X, r e q u i r e s  c he m i s t r y  c o n c e p t ,  Q, which i s  an ap­
p l i c a t i o n  o f  mat hemai tcs  c on c e p t  Y. I f  Q must l o g i c a l l y  
precede  P and X must l o g i c a l l y  p r e ce de  Y then P c anno t  be  
t a u g ht  in c o n j u n c t i o n  with X but must be  d e f e r r e d  u n t i l  
a f t e r  Q has  been i n t r o d u c e d .  The s equenc i ng  becomes
X < Y -  Q < P. I f  t h e r e  i s  another  example to  i l l u s t r a t e  the  
use o f  s k i l l  X, example P w i l l  probably  be e l i m i n a t e d  from 
c o n s i d e r a t i o n .  Sometimes the  l o g i c a l  s eq ue nc ing  o f  the
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mat hemat i c s  can be j u g g l e d  to more n e a r l y  match the  sequenc­
i ng  d e s c r i b e d  in ( A) .
C on s t r u c t i o n  o f  t he  S p e c i f i c  Curriculum M a t e r i a l s  
According  t o  General  P r i n c i p l e s
To de te rmi ne  the  mat hemat i c s  s k i l l s  to  be i n c lu de d  the  
author  r e l i e d  on her own e x p e r i e n c e  as a c o l l e g e  mathemat ics  
t e a c h e r  as  w e l l  as c o n s i d e r i n g  s k i l l s  found in s e v e r a l  t e x t s  
at  t h i s  l e v e l  (Washington,  1970,  Chpt.  1 -10 ,  12, 16; Nanney 
& Cable ,  197^; Zuckerman, 1976; Keedy & B i t t i n g e r ,  197 6) .
The major d e p a r t u r e s  from t h e s e  t e x t s ,  in terms o f  math­
e m a t i c s  t o p i c s  c o v e r e d ,  are  t he  e x c l u s i o n  o f  t he  formal  
c o n c e p t s  o f  f u n c t i o n s  and s e t s  and the i n c l u s i o n  o f  a p p r o x i ­
mat ion methods  f o r  computing square r o o t  and s o l v i n g  po l yno­
mi a l  e q u a t i o n s .  Rather than i n t r o d u c i n g  d e t e r m i n a n t s  as  an 
a l t e r n a t e  way o f  s o l v i n g  s ys tems  o f  l i n e a r  e q u a t i o n s  the  
p r e s e n t  curr i cu l um e f f o r t  i n t r o d u c e s  t he  ( o p t i o n a l )  t o p i c  o f  
s o l v i n g  s y s t e m s  o f  l i n e a r  e q u a t i o n s  by use o f  e l e me n ta r y  row 
o p e r a t i o n s  on an augmented m a t r i x .  The t e x t  assumes t h a t  
s t u d e n t s  w i l l  use an e l e c t r o n i c  c a l c u l a t o r  for  n e a r l y  a l l  
c a l c u l a t i o n s .
F u n c t i o n s  and S e t s .  Rather than u t i l i z i n g  space  and 
t ime  to  d i s t i n g u i s h  between r e l a t i o n  and f u n c t i o n  the  pre ­
s e n t  m a t e r i a l s  emphas ize  ordered p a i r s  ( n - t u p l e s )  t ha t  
s a t i s f y  e q u a t i o n s  or f or mu la s .  The c o n c ep t s  o f  f u n c t i o n  and
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s e t  seem t o  be used at  t h i s  l e v e l  p r i m a r i l y  t o  comply wi t h  
t he  recommendat ions  o f  curr i cu l um r ef orme rs  in the  e a r l y  
1 9 6 0 ' s  t h a t  " s t r u c t u r e "  become an import ant  e l emen t  o f  c u r ­
r i cu l u m .  There are f i v e  d i f f i c u l t i e s  wi th p r e s e n t i n g  the  
c on c ep t  o f  " f u nc t io n"  in t h i s  t e x t :
( 1 )  In a curr i cu l um t ha t  i s  s h o r t  o f  s pace  due t o  the  
emphasis  on a p p l i c a t i o n s  and problem s o l v i n g ,  i t  seemed t h a t  
a c q u a i n t i n g  the  s t u d e n t  wi th t e r m i n o l o g y  such as f u n c t i o n ,  
domain,  r an g e ,  and s e t  was o f  l e s s  i mportance  than p ro v i d i ng  
p r a c t i c e  in c ompu t a t i o n ,  a p p l i c a t i o n ,  and problem s o l v i n g .
( 2 )  For the c h e m i s t r y  s t u d e n t  the  c o n c e p t s  o f  a r e l a ­
t i o n  ( e q u a t i o n )  and an ordered pair  t h a t  s a t i s f i e s  (or  does  
not  s a t i s f y  t h i s  r e l a t i o n )  i s  f a r  more i mport ant  than the  
d i s t i n c t i o n  between a r e l a t i o n  and a f u n c t i o n .  The e s s e n ­
t i a l  idea  i s  t h a t  some ordered p a i r s  s a t i s f y  g i v en  r e l a t i o n s  
or e q u a t i o n s .
( 3 )  In some t e x t s  f u n c t i o n  i s  not  even d e f i n e d  (Washr- 
i n g t o n ,  1 970 ) ,  probably  be caus e  t he  a ut ho r s  t h i n k  t h a t  a 
p r e c i s e  d e f i n i t i o n  r e q u i r e s  a g r e a t e r  s o p h i s t i c a t i o n  than 
s t u d e n t s  at  t h i s  l e v e l  are c a p a b l e  o f  ( B u r t ,  1976) .
(4 )  When f u n c t i o n  and / or - s e t s  are d e f i n e d  and t ime i s  
taken t o  d e v e l o p  t h e s e  c o n c e p t s ,  t h i s  powerfu l  framework i s  
seldom u t i l i z e d  at a f u t u r e  p o i n t  in the  curr i cu l um m a t e r i a l  
at  t h i s  l e v e l .
( 5 )  Graphing i s  t r e a t e d  as the  major " a p p l i c a t i o n "  o f  
the  f u n c t i o n  c o n c e p t .  Graphing should be c o ns i d e r e d  more
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a c c u r a t e l y  as  an a p p l i c a t i o n  o f  ordered p a i r s  t h a t  s a t i s f y  a 
r e l a t i o n ,  a s u p e r s e t  o f  t h e  c on c ep t  o f  f u n c t i o n .
Approximat ion methods for  computing square r o o t s  and 
s o l v i n g  p o l y n o m i a l s  were i n s e r t e d  be caus e:
( 1 )  Most a l g e br a  t e x t s  i n c l u d e  t he  t o p i c  o f  square  roo t  
and t h e  g e n e r a l  c h e m i s t r y  curr i cu l um r e q u i r e s  the  use o f  
square  r o o t  in working wi th Graham's Law. The two Macro 
p r i n c i p l e s  d i s c u s s e d  e a r l i e r  f o r c e  the  i n c l u s i o n  o f  square  
r o o t s .  S i n c e  c h e m i s t r y  s o l u t i o n s  are g i ve n  in terms o f  d e c ­
imal  numbers i t  i s  n e c e s s a r y  to  f ind  dec i mal  a pp rox i mat i ons  
for  square  r o o t s .  Al though the  s t u d en t  w i l l  probably  use  
t he  square  r o o t  but ton  on the  c a l c u l a t o r  for  most o f  t h e s e  
c a l c u l a t i o n s ,  i t  may be p e d a g o g i c a l l y  d e s i r a b l e  to  i n d i c a t e  
an a l t e r n a t e  co mp u ta t i on a l  method for  f i n d i n g  dec i mal  ap­
p r ox i ma t i on s  o f  square r o o t s  for  r e a s o n s  enumerated in ( 2 )  
and ( 4 )  below.
( 2 )  The approx imat ion  pr oc e s s  for  square r o o t s  g i v e s  
the  s t u d e n t  a v ery  c l e a r  idea  o f  the  n o n - t e r m i n a t i n g  char­
a c t e r  o f  e x a c t  i r r a t i o n a l ,  r e a l  numbers.  T h e - po i n t  at  which 
the  s t u d e n t  c e a s e s  t h i s  approximat ion scheme i s  another  e x ­
ample o f  approximate  numbers and r e i n f o r c e s  the  u n d er l y i n g  
meaning o f  s i g n i f i c a n t  f i g u r e s  used in performing g e n e r a l  
c h e m i s t r y  c a l c u l a t i o n s .
( 3 )  Po l y n o mi a l s  occur  n a t u r a l l y  in chemica l  e q u i l i b r i u m  
problems .  Hence,  the  second Macro p r i n c i p l e  f o r c e s  the  i n ­
c l u s i o n  o f  the  t o p i c  o f  s o l u t i o n  o f  p o l y n o m i a l s .  However,
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g e n e r a l  c h e m i s t r y  t e x t b o o k  w r i t e r s  u s u a l l y  l i m i t  t h e i r  d i s ­
c u s s i o n  o f  e q u i l i b r i u m  problems to  o ne s  which r e s u l t  in l i n ­
ear or q u a d r a t i c  e q u a t i o n s .  When a h i g h er  d e g r e e  po lynomi ­
a l  o c c u r s  in t he  g e n e r a l  c h e m i s t r y  c ou r s e  t h e  g e n e r a l  chem­
i s t r y  author  i s  l i k e l y  to  ask o n l y  t h a t  t he  s t u d e n t  s e t  up 
the  e q u a t i o n .  C ons ide r i ng  the r e s u l t i n g  c o n f l i c t s  in i mp l e ­
ment ing t he  second Macro p r i n c i p l e  i t  i s  t h i s  a u t h o r ' s  o p i n ­
ion t h a t  t he  s o l u t i o n  o f  g e n e r a l  po lynomial  e q u a t i o n s  should  
be i n c l u de d  as an o p t i o n a l  t o p i c .
( 4 )  Approximat ing square r o o t  by Newton's  method has  
s i m i l a r  e l e m e n t s  ( i . e .  o b t a i n i n g  a sequence  o f  approxima­
t i o n s  t h a t  are more r e f i n e d  at  each s t e p )  to  approx imat ing  
any f u n c t i o n .  The c o n c e p t u a l l y  e a s y  procedure  o f  a p p r o x i ­
mat ing  square  r o o t s  by Newton's  d i v i d e  and average  method 
p r o v i d e s  a framework on which to  b u i l d  any approximat ion  
schema (Posner  & S t r i k e ,  1 9 76) .  Extending t h i s  procedure  to  
a s o l u t i o n  o f  t h e  g e n e r a l  po lynomial  e quat i on  p r o v i d e s  a 
sample o f  the  g e n e r a l i z a t i o n  method t h a t ^m j t h e m n t i c i a n s  
o f t e n  use  in problem s o l v i n g .
C a l c u l a t o r  U s e . Mathematics  e d u c a t o r s  have  recommended 
t h a t  a l l  s t u d e n t s  have c o n t i n u a l  a c c e s s  to  a c a l c u l a t o r  
a f t e r  grade 8 (NACOME Report ,  1975) .  Spencer ( 1 9 7 !D showed 
t h a t  c h i l d r e n  who had a c c e s s  to  a c a l c u l a t o r  scored s i g n i f i ­
c a n t l y  b e t t e r  on mat hemat ic s  t e s t s  o f  r e a s o n i n g ,  computa­
t i o n ,  and o v e r - a l l  s c o r e  than s t u d e n t s  who did not  have  
t r a i n i n g  on c a l c u l a t o r  u s e .  T r a d i t i o n a l l y  c h e m i s t r y  t e a c h ­
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e r s  s u g g e s t e d  or req u i red  t h a t  t h e i r  s t u d e n t s  use  s l i d e  
r u l e s  to  c ompl e t e  t he  c ompu t a t i o n s  needed in g e n e r a l  c he mi s ­
t r y .  With the  i n t r o d u c t i o n  o f  hand-held  c a l c u l a t o r s  t h a t  
are  o f t e n  l e s s  e x p e n s i v e ,  more a c c u r a t e ,  and e a s i e r  to use  
than s l i d e  r u l e s  i t  no l onger  seems a p p r o p r i a t e  t o  t e a c h  
( r e q u i r e )  the us e  o f  s l i d e  r u l e s .  I t  can be to  assumed t ha t  
t h e  c h e m i s t r y  i n s t r u c t o r  i s  l i k e l y  t o  a l l o w  ( enc our age  or
r e q u i r e )  a l l  s t u d e n t s  to  use a c a l c u l a t o r  when performing
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a r i t h m e t i c  m a n i p u l a t i o n s  in t he  c he m i s t r y  c o n t e x t . '  The 
second Macro p r i n c i p l e  and Micro P r i n c i p l e  I-B then r e q u i r e  
the  use  o f  the  c a l c u l a t o r  in t h i s  mathemat ics  c o u r s e .
Without  a c a l c u l a t o r  the n e c e s s a r y  c omp u ta t i on s  u s i n g  non­
c o n t r i v e d  data  become h o p e l e s s l y  l a b o r i o u s .  These mate­
r i a l s  have assumed t h a t  the  s t u d en t  w i l l  use a c a l c u l a t o r  
f or  computat ion but  do no t  address  q u e s t i o n s  o f  c a l c u l a t o r  
l o g i c  s y s t e ms  or e f f i c i e n t  c a l c u l a t o r  o p e r a t i o n  s t r a t e g i e s  
e x c e p t  in t he  d i s c u s s i o n  o f  c a l c u l a t o r  a l g o r i t h m s  f o r  p o l y ­
nomial  e v a l u a t i o n .
Chemistry A p p l i c a t i o n s
The c h e m i s t r y  a p p l i c a t i o n  problems were formulated with  
t he  aid o f  t h r e e  . general  c h e m i s t r y  t e x t b o o k s  (Master ton & 
S l o w i n s k i ,  1973; N e b e r g a l l  e t  a l . , 1972; Keenan & Wood,
_
" Chemistry i n s t r u c t o r s  a t  Plymouth S t a t e  C o l l e g e  r e ­
q u i r e  t h e i r  s t u d e n t s  to  use hand-he ld  c a l c u l a t o r s  for  a l l  
computations.
1971) and t h r e e  c h e m i s t r y  problem s o l v i n g  manuals  (Sorum & 
B o i k e s s ,  1976; P e t e r s ,  1976; Masterton & S l o w i n s k i ,
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197*0.  A s e a r c h  was made o f  each o f  t h e s e  s i x  books  for  
problems t h a t  used mat hemat i ca l  s k i l l s  and t h e s e  problems  
were c r o s s - i n d e x e d  accordi ng  to  the  mat hemat i ca l  s k i l l s  n ec ­
e s s a r y  t o  s o l v e  the  problem.  The c h e m i s t r y  a p p l i c a t i o n s  
were c o n s t r u c t e d  u s i ng  the  examples  from t he  c he m i s t r y  t e x t s  
as  p r o t o t y p e s .  This  procedure  as sured the i n c l u s i o n  o f  
n o n - c o n t r i v e d  a p p l i c a t i o n s  and s a t i s f i e d  Micro P r i n c i p l e  
I - B .  The mat hemat i c s  for  c h e m i s t r y  t e x t  was w r i t t e n  f o l l o w ­
ing  the  s eq ue nc in g  o f  the  c h e mi s tr y  t o p i c s  w i t h in  the  t h r e e  
c h e m i s t r y  t e x t b o o k s  (See  Micro P r i n c i p l e s  IJ A-D) .
Sequenc ing  according  to the order  d i c t a t e d  by the  chem­
i s t r y  a p p l i c a t i o n s  r e s u l t e d  in some unusual  s equenc ing  for  
the  m a t h e m a t i c s .  For example ,  m u l t i p l i c a t i o n  o f  f r a c t i o n s
Informal  c o n v e r s a t i o n  with c h e m i s t r y  c o l l e a g u e s  
o r i g i n a l l y  c a l l e d  a t t e n t i o n  to  the  concern t h a t  g en e r a l  
c h e m i s t r y  s t u d e n t s  cou ld  not  perform the- . .algebra needed in 
t h e  c h e m i s t r y  c o u r s e .  A l i t e r a t u r e  s ea r ch  c o n f i r m s  t h i s  
o p i n i o n .  A f t e r  t e a c h i n g  a mathemat ics  c o u r s e  for  g e n e r a l  
c h e m i s t r y  s t u d e n t s  u s i n g  Masterton & S l o w in s k i  ( 1 9 7 * 0 ,  t he  
author was conv i nced  t h a t  the  mathemat i cs  r e m e d i a t i on  needed 
was more e x t e n s i v e  than the  Masterton & Slov / inski  book d e a l t  
with  and the  number o f  examples  for  which mat hemat i c s  s k i l l s  
might  be h e l p f u l  e x ce ed s  t h o s e  covered in the  Masterton & 
S l o w i n s k i  manual .  No o t h e r  mathemat ics  t e x t  t h a t  used chem­
i s t r y  a p p l i c a t i o n s  to  i l l u s t r a t e  mat hemat ic s  p r i n c i p l e s  was 
f o u n d .
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When t he  s equenc ing  wi t h i n  the t h r e e  t e x t b o o k s  was 
in c o n f l i c t ,  t h e  s eq uenc i ng  in the M a s t e r t o n - S l o w i n s k i  t e x t  
was dominant s i n c e  t h a t  t e x t  i s  used in the  l o c a l  c he m i s t r y  
co u r se  .
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i s  t r e a t e d  e a r l y  in the  t e x t  s i n c e  t h i s  s k i l l  i s  n e c e s s a r y  
f o r  measurement u n i t  c o n v e r s i o n s .  However,  a d d i t i o n  o f  
f r a c t i o n s  i s  h o t  t r e a t e d  u n t i l  midway through t he  t e x t .  
P o s i t i v e  and n e g a t i v e  i n t e g r a l  exponent s  are t r e a t e d  e a r l y  
in the  t e x t  so t ha t  s c i e n t i f i c  ( e x p o n e n t i a l )  n o t a t i o n  can be  
c o v e r e d ,  but  r a t i o n a l  exponents  are n o t  i n c lu de d  u n t i l  near  
t h e  e n d .
As Posner & S t r i k e  (1976)  p o i n t  o u t ,  i t  i s  unusual  to 
have  j u s t  one s eq ue nc ing  p r i n c i p l e  o pe ra nt  in a curr i cul um  
work.  Al though t he  l o g i c a l  p r e r e q u i s i t e  and a n t i c i p a t e d  
u t i l i z a t i o n  c a t e g o r i e s  v/ere the  main s equenc i ng  c on c e p t s  
u s e d ,  o t h er  c o n c e p t - r e l a t e d  s t r a t e g i e s  a l s o  v/ere invok ed .
For example ,  c l a s s  r e l a t i o n s  group one or more c o n c e p t s  t o ­
g e t h e r  because  t h e s e  c o n c e p t s  share  common p r o p e r t i e s .  The 
t e x t  groups approximate  numbers,  a r i t h m e t i c  o f  approximate  
numbers,  and rounding o f  approximate  numbers b e f o r e  p r e s e n t ­
i ng  a p p l i c a t i o n s  which use  approximate  numbers.  The "So­
p h i s t i c a t i o n "  subtype o f  the  c o n c e p t - r e l a t e d  c l a s s  o r d e rs  
c o n c e p t s  ac cor di n g  to  t h e i r  l e v e l  o f  p r e c i s i o n ,  c o n c e p t u a l  
c o m p l e x i t y ,  a b s t r a c t n e s s ,  and v a g u e n e s s .  Using t h i s  s e ­
quencing  p r i n c i p l e  t he  t e x t  p r e s e n t s  a r u l e  for  m u l t i p l i c a ­
t i o n  o f  approximate  numbers and then e x p l a i n s  why the  r u l e  
works.  The l e a r n i n g - r e l a t e d  s u b t y p e ,  " F a m i l i a r i t y " ,  was 
c o n s i d e r e d  in o r de r i n g  the p r e s e n t a t i o n  o f  u n i t  c o n v e r s i o n s .  
E n g l i s h - E n g l i s h  c o n v e r s i o n s  were f i r s t  p r e s e n t e d ,  f o l l o w e d  
by E n g l i s h - m e t r i c  and m e t r i c - m e t r i c ,  and f i n a l l y  m e t r i c -
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c h e m i c a l .  Uni t  c o n v e r s i o n s  are an example o f  another  
l e a r n i n g - r e l a t e d  s u b t y p e ,  " D i f f i c u l t y . "  S i n g l e  c o n v e r s i o n s  
were p r e se n t e d  b e f o r e  m u l t i p l e  c o n v e r s i o n s .  The l e a r n i n g  
s u b t y p e ,  " I n t e r e s t " ,  i s  t he  b a s i s  for  the  p s y c h o l o g i c a l  de­
t ermi nan t  t h a t  t h e s e  m a t e r i a l s  w i l l  m o t i v a t e  the  s t u d e n t  but  
i t  was not  used as a s eq uenc i ng  proced ure ,  per s e .
A p e r u s a l  o f  t he  t a b l e  o f  c o n t e n t s  o f  t he  t e x t  (Appen­
d i x  1) and the  d a i l y  q u i z z e s  (Appendix 2)  used in the  e v a l u ­
a t i o n  scheme ( See  Chapter IV) w i l l  g i v e  t he  reader  the f l a ­
vor o f  the  t o p i c s  and g e n e r a l  t y p e s  o f  e x e r c i s e s  i n c lu de d  in 
t he  t e x t .  In t h i s  mathemat ics  t e x t  i t  seems a p p r o p r i a t e  to  
p rov i de  t he  s t u d e n t  wi th n e c e s s a r y  c he mi s tr y  i n f o r m a t i o n  
needed t o  work a problem.  However,  i n c l u s i o n  o f  such i n f o r ­
mation w i t h i n  t he  s t a t eme nt  o f  t he  problem u s u a l l y  makes the  
problem seem c o n t r i v e d .  (See  Page 10, Example 3)  A compro­
mise  was reached in t h i s  curr i cu l um by i n c l u d i n g  in the ap­
pendix o f  the  t e x t  a 19-page c h e m i s t r y  g l o s s a r y  c o n t a i n i n g  
s h o r t  d e s c r i p t i o n s  and r e l e v a n t  f ormu l as  for  a l l  c h e m i s t r y  
t o p i c s  i nc lu de d in the  problem s e t s .  The e x p l a n a t i o n s  were 
s k e t c hy  and intended to g i v e  t he  reader  o n l y  t he  bare  m i n i ­
mum knowledge about  chemi ca l  phenomena needed to work the  
e x e r c i s e s .  S t udent s  were urged to c o n s u l t  t h e i r  c h e m i s t r y  
t e x t b o o k  for  more d e t a i l e d  e x p l a n a t i o n s .  The s t u d e n t  was 
encouraged to r e f e r  to the c h e m i s t r y  g l o s s a r y  when working  
problem s e t s  and to use the  g l o s s a r y  when t ak i ng  q u i z z e s  or 
e x a m i n a t i o n s .
I
CHAPTER I V
EVALUATION OF CURRICULUM MATERIALS: DESIGN AND METHODOLOGY
The examinat ion  o f  t he  curr i cu l um m a t e r i a l s  u t i l i z e s  
f o r m a t i v e  e v a l u a t i o n  as  a t o o l .  A p i l o t  s tud y  (1 9 7 6 )  i n ­
d i c a t e d  t h a t  s t u d e n t s  did l e a r n  mat hemat i c s  between the  pre ­
t e s t  and p o s t t e s t  as  i n d i c a t e d  by a r ep ea t e d  measures  t - t e s t  
(p < . 0 5 ) .  Thi s  i n i t i a l  s tud y  used the  curr i cu l um m a t e r i a l s  
and p i l o t e d  the  mat hemat i c s  p r o f i c i e n c y  t e s t  and a t t i t u d e  
t e s t  t h a t  were to  be used in the  formal  e v a l u a t i o n .  A com­
p a r i s o n  was made between t he  mat hemat i c s  f o r  c h e m i s t r y  group  
and another  freshman mat hemat i c s  group wi th s i m i l a r  e n t e r i n g  
s c o r e s  on t he  mat hemat i c s  p r o f i c i e n c y  exam. The mat hemat ic s  
f o r  c h e m i s t r y  group had s u p e r i o r  s c o r e s  on the  mat hemat i c s  
p r o f i c i e n c y  exam a dm i n i s t e re d  at t he  c o n c l u s i o n  o f  the  
c o ur s e  (p < . 0 5 ) .  The p i l o t  s tu d y  did  not  r e f l e c t  the  s t a ­
t i s t i c a l  requi rement  o f  random as s i gnment  and the  " co n t ro l "  
group was not  c o n c u r r e n t l y  t a k i n g  g e n e r a l  c h e m i s t r y .
The major f ocus  o f  t he  formal  d e s i g n  was to  e v a l u a t e  
the  curr i cul um m a t e r i a l s  t h a t  have been c o n s t r u c t e d .  To 
accompl i sh  the  e v a l u a t i o n  the' f o l l o w i n g  q u e s t i o n s  were 
a dd re ss e d:
1. Which,  i f  any,  s e c t i o n s  o f  t he  t e x t  need to be r e ­
v i s e d ?  Within the  c o n t e x t  o f  each  s e c t i o n :
a .  Do s t u d e n t s  l e a r n  each mat hemat ic s  s k i l l ?
b. Do s t u d e n t s  l e a r n  c h e m i s t r y  a p p l i c a t i o n s ?
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2.  Do s t u d e n t s  r e t a i n  the  m a t e r i a l  over  the e n t i r e  
course?  Does the  p r e - p o s t  ach i evement  c o n t i n u e  t o  be s i g n i ­
f i c a n t  in t he  second round e v a l u a t i o n  o f  t h e s e  m a t e r i a l s ?
3.  What i s  the  minimum e nt r y  l e v e l  o f  s k i l l  for which 
one can p r e d i c t  t h a t  l e a r n e r s  can succeed wi th t h e s e  
m a t e r i a l s ?
^ . When viewed as a h y p o t h e s i s - g e n e r a t i n g  s tudy  what  
di mens i ons  seem to  be c o n t r i b u t i n g  to the s t u d e n t ' s  l e a r n i n g  
in terms o f  both s t u d e n t  a t t r i b u t e s  and planned and un­
planned r e s u l t s  o f  i n s t r u c t i o n ?
The S e t t i n g  and D e s c r i p t i o n  o f  the  Sample
The deve lopment  and e v a l u a t i o n  o f  the  mat hemat ic s  for  
c h e m i s t r y  m a t e r i a l s  were conducted at Plymouth S t a t e  C o l l e g e  
in n o r t h - c e n t r a l  New Hampshire.  The c o l l e g e  e n r o l l e d  2591 
f u l l - t i m e  undergraduate  s t u d e n t s  in f a l l ,  1977,  when the  
e v a l u a t i o n  data  were g a t h e r e d .  Most o f  the  s t u d e n t s  came- 
from New Hampshire and the New England r e g i o n .
There were 70 s t u d e n t s  e n r o l l e d  in f i r s t -  s e me s t e r  gen­
e r a l  c h e m i s t r y .  On t he  b a s i s  o f  h i gh  s c h o o l  achievement  r e ­
c o r d s  and performance  on the  Plymouth S t a t e  C o l l e g e  Mathe­
m a t i c s  P r o f i c i e n c y  Exam for  S c i e n c e  Majors (Appendix 4)  
t h i r t y  s i x  (18 male ,  18 f emal e )  g en e ra l  c h e m i s t r y  s t u -
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dent s^  were i d e n t i f i e d  as needing  a d d i t i o n a l  mat hemat ic s  
i n s t r u c t i o n  and were p laced  in I n t r o d u c t o r y  C o l l e g e  Mathema­
t i c s  for  General  Chemistry (Mathemat ics  113,  ^ c r e d i t s ) .
The Mathematics  SAT s c o r e s  for  t h e s e  s t u d e n t s  ranged from 
310 t o  560.  Near ly  a l l  t h e s e  s t u d e n t s  were major ing  in 
b i o l o g y  and most  o f  them i n d i c a t e d  t h a t  t h e i r  o c c u p a t i o n a l  
g o a l s  were in h e a l t h - r e l a t e d  f i e l d s - - u s u a l . l y  l ab  t e c h n i c i a n  
or me di c a l  t e c h n o l o g y .  Al though a few s t u d e n t s  were o l d e r ,  
most o f  them were 18 and 19 - year  o ld  freshmen s t u d e n t s .
The mat hemat ic s  f or  c h e m i s t r y  c ou r s e  met t w i c e  a week 
f o r  one and o n e - h a l f  hour l e c t u r e s .  In a d d i t i o n ,  each s t u ­
dent  was a s s i g n e d  to a one-hour  problem s e c t i o n  once a week.  
The f i r s t  twent y  mi n u t e s  o f  each l e c t u r e  per iod  were devoted  
t o  a d m i n i s t e r i n g  a f i f t e e n - m i n u t e  p o s t q u i z  and a f i v e -  
minute  p r eq u i z .  F i na l  g ra d e s  for  the  c ou r s e  were based on 
p o s t q u i z z e s  and the f i n a l  t e s t s  o f  mat hemat i ca l  s k i l l s  and 
c h e m i s t r y  a p p l i c a t i o n s .  S t u d e nt s  were t o l d  t ha t  t h e y  would 
be randomly a s s i g n e d  to  q u i z z e s  and t h a t  t h ey  co u l d  e xp e ct  
t he  two t y pes  o f  q u i z z e s  to  be s c a t t e r e d  in a random f a s h i o n  
throughout  the  s e m e s t e r .
S e v e r a l  s t u d e n t s  had p r e v i o u s l y  taken f i r s t  s emes ter  
g e n e r a l  c h e m i s t r y  and t h r e e  o f  t he  t h i r t y  s i x  dropped g e n e r ­
a l  c h e m i s t r y  during the  f i r s t  week o f  the  s e m e s t e r .
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Da ta C o l l e c t e d
Romberg ( 1 96 9)  s u g g e s t s  t h a t  in order  for  d e s c r i p t i v e  
procedures  to  be u s e f u l  they  should be c omp r eh e ns iv e .  We 
should measure as many a s p e c t s  as p o s s i b l e  o f  s t u d e n t s '  pas t  
performance  and e n t e r i n g  c h a r a c t e r i s t i c s ,  as  w e l l  as a f f e c ­
t i v e  and c o g n i t i v e  v a r i a t e  changes  throughout  t he  s tu d y .
With t h i s  o r i e n t a t i o n  and c o n s i d e r a t i o n  o f  the  above ques--  
t i o n s  the  f o l l o w i n g  d a t a  were c o l l e c t e d  for  each s t u d e n t .
I .  Each s t u d e n t  was examined on e x a c t l y  one o f  two t y p e s  o f  
f i f t e e n - m i n u t e  q u i z z e s  (See  Appendix 3 ) .
A. A q u i z  o f  mat hemat i ca l  s k i l l s  t h a t  had been t a u g ht  
w i t h i n  the  l a s t  week.  T y p i c a l l y  a l e c t u r e  on Tuesday,  
f o l l o w e d  by d i s c u s s i o n  and q u e s t i o n s  on Thursday,  f o l ­
lowed by a quiz  on the  f o l l o w i n g  Tuesday; i . e . ,  
q u i z z e s  were g i v e n  e x a c t l y  one week a f t e r  the s k i l l  had 
been i n t r o d uc e d  in l e c t u r e .  There were q u e s t i o n s  both  
verbat im from the  t e x t  problem s e t  and o t h e r  s i m i l a r  
t y p e s  o f  q u e s t i o n s .
B. A q u i z  on c h e m i s t r y  a p p l i c a t i o n s  t h a t  had been r e ­
c e n t l y  t a u g h t .
I n d i v i d u a l  s t u d e n t s  did  not  know t h e i r  qu iz  a s s i gn me nt  f o r  
any day u n t i l  the  qu iz  was passed o u t .  Each member o f  the  
t h i r t y  s i x  s t u d e n t  c l a s s  was a s s i g n e d  randomly t o  one o f  s i x  
t e s t i n g  s ubgroups .  Over a four day ( two-week)  t e s t i n g  p e r i -
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od each subgroup was a s s i g n e d  randomly t o  one o f  t he  s ix  
p o s s i b l e  t e s t i n g  schemes:  (A-B-A- B) ,  (B-A-B-A) ,  (A-B-B-A) ,
( B-A-A- B) ,  (A-A-B-B) ,  (B-B-A-A) .  A new s e t  o f  t e s t i n g  
schemes were a s s i g n e d  randomly t o  each subgroup at  the  be ­
g i n n i n g  o f  each two week p e r i o d .  Over the  c ou r s e  o f  the  
s e m es t e r  each s t u d e n t  was a s s i g n e d  to take t w e n t y - f o u r
q u i z z e s :  12 Form A -  Mathemat i cal  S k i l l s  and 12 Form B -
7Chemis try  A p p l i c a t i o n .
The advantage  o f  t h i s  t e s t i n g  scheme was t h a t  by sam­
p l i n g  i t  a l l owed one t o  e s t i m a t e  c l a s s  performance  on two 
d i f f e r e n t  measures  o f  mat hemat i ca l  s k i l l s  and c h e m i s t r y  ap­
p l i c a t i o n s .  The f r eque nc y  o f  t h e  t e s t i n g  performed two 
f u n c t i o n s .  I t  gave  a l mos t  c o n s t a n t  input  on the  p r o g r e s s  o f  
the  c l a s s  and i t  emphasized the p a r t i c u l a r  s e c t i o n s  o f  the  
t e x t  t h a t  might  need r e v i s i o n .  Al though s t u d e n t s  were exam­
i ned on d i f f e r e n t  measures  which could  not  be c o n s i d e r e d  ex­
a c t l y  e q u a l ,  no s i n g l e  measure was v i t a l  to the s t u d e n t ' s
•J
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g r a de .  Each s t u d e n t ' s  grade  was based on t w e n t y - f o u r  q u i z ­
z e s ,  t w e l v e  o f  each t y p e .  In a d d i t i o n ,  a l l  s t u d e n t s  took a 
common f i n a l  exam.
7
A c t u a l l y  some s t u d e n t s  were a s s i g n e d  more Form A 
q u i z z e s  s i n c e  Chapter 11 ( F a c t o r i n g  P o l y n o m i a l s )  and Chapter  
16 ( I n t r o d u c t i o n  to  Logari thms)  o f  t he  t e x t  did not  seem to  
l end t h e m s e l v e s  to  Chemistry A p p l i c a t i o n s .  These c h a p t e r s  
are  l o g i c a l  p r e r e q u i s i t e s  to l a t e r  mat hemat i c s  c o n c e p t s  t h a t  
are i l l u s t r a t e d  with c h e m i s t r y  a p p l i c a t i o n s .
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I I .  Non-graded semi weekl y  measure
Each s t u d e n t  was g i v e n  a f i v e - m i n u t e  p r e t e s t  o f  s k i l l s  
t o  be l e a rn e d  the  f o l l o w i n g  day .
I I I .  The f o l l o w i n g  da t a  on more g e n e r a l ,  o v e r a l l  c o ur s e  ob­
j e c t i v e s ,  g r o s s  a c co m p l i s hme nt s ,  and a f f e c t i v e  measures  were 
g a t h e r e d .
A. B i o g r a p h i c a l  i n f orma t i o n
1. Sex
2.  Age
3.  Record o f  p r e v i o u s  mathemat ics  and s c i e n c e  
c o u r s e s  and g r a d e s .
B. SAT s c o r e s  for  both v e r b a l  and mat hemat i ca l  s e c ­
t i o n s .
C. Pre-  and p o s t t e s t s  o f  a t t i t u d e s  towards  mathemat ics
on t he  Aiken Value and Enjoyment S c a l e s  (Appendix 4 ) .
D. Pre-  and p o s t t e s t s  o f  mathemat i cs  ach i evemen t  us ing
Plymouth S t a t e  C o l l e g e  Mathematics  P r o f i c i e n c y  Tes t  f o r
S c i e n c e  St udent s  (Appendix 4 ) .
E. Pre-  and p o s t t e s t  o f  c h e m i s t r y  a p p l i c a t i o n  a b i l i t y  
as measured by American Chemical  S o c i e t y  (ACS) Toledo  
Chemis try  Placement  Examinat ion ( 1 9 7 ll Form).
F. Measure o f  s t u d e n t  a t t i t u d e  towards  t he  c ou r s e  as  
measured by t h e  Meidt s c a l e  (Appendix *1). This  s c a l e  
was a dm i n i s t e r e d  at one t h i r d  i n t e r v a l s  throughout  the  
cour s e .
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Measurement I ns tru me nt s
Aiken A t t i t u d e  S c a l e . This  L i k e r t  type  s c a l e  i s  de ­
s ig n e d  t o  measure a t t i t u d e  towards  ma the ma t i c s .  There are  
two s u b s c a l e s .  The Enjoyment s u b s c a l e  measures  the  g e n e r a l  
p s y c h o l o g i c a l  d imension o f  "enjoyment o f  ma the ma t i c s . "  This  
dimens ion  i s  t h a t  d e s c r i b e d  in O b j e c t i v e  VI-B o f  t he  Na t i on ­
a l  Assessment  o f  Ed u c at i on a l  Progres s  ( 1 9 7 0 ) .  The Value  
s u b s c a l e  o f  t he  Aiken i n s tr u me n t  measures  r e c o g n i z e d  impor­
t a n ce  and r e l e v a n c e  o f  mat hemat i c s  to  the i n d i v i d u a l  and to 
s o c i e t y .  Thi s  dimens ion  i s  t h a t  d e s c r i b e d  in O b j e c t i v e  VI-A 
o f  t h e  N a t i o n a l  Ass es s me nt .  The r e l i a b i l i t y  o f  the  Enjoy­
ment s c a l e  (computed on 190 freshman c o l l e g e  s t u d e n t s )  r e ­
ported.  by Aiken ( 1 9 7 4 )  was 0 . 9 5 .  On the  same sample t he  r e ­
l i a b i l i t y  o f  t he  Value S c a l e  was 0 . 8 5 .  The s c a l e  i s  p a r t i c ­
u l a r l y  s u i t a b l e  s i n c e  i t  was d ev e l op e d  s p e c i f i c a l l y  f o r  c o l ­
l e g e  s t u d e n t s  in non-major mat hemat i c s  c o u r s e s .
Plymouth S t a t e  C o l l e g e  Mathematics  P r o f i c i e n c y  Exam for  
S c i e n c e  Maj or s . Thi s  exam has s i x t y  q u e s t i o n s  c o v e r i n g  
e i g h t e e n  d i s t i n c t  c o n t e n t  s u b s c a l e s .  In Table 3 the  r e l i ­
a b i l i t i e s  r ep or t ed  are Spearman-Brown e s t i m a t e d  s tandard r e ­
l i a b i l i t y  for  sub . s ca l e s  wi th four  or more q u e s t i o n s .  These  
r e l i a b i l i t i e s  were computed on the  p i l o t  t e s t  data  (N = 7 6 ) .
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TABLE 3
SUBSCALES MATHEMATICS PROFICIENCY EXAM
Su bs ca l e
Number o f  
Q u e s t i on s R e l i a b i l i t y
Exponents  and s c i e n t i f i c  n o t a t i o n 9 .663
P e r c e n t a g e .814'
Trigonometry 6 .753
Logari thms 6 . 643
P r o p o r t i o n a l i t y  and 
m u l t i - v a r i a b l e  f ormul as 6 .725
Graphing 8 .781
Linear  e q u a t i o n s 6 .829
Verbal  problems 10 . 813
Convers ion and measurement 5 .813
Geometry 2 -----
Averages 1
Use o f  p a r e n t h e s e s 1 -----
Rad i c a l s 2 -----
Si mul t aneous  e q u a t i o n s 2 -----
R at i o n a l  e q u a t i o n s 1 -----
Quadrat ic  e q u a t i o n s 2 -----
Ex p o n e n t i a l  e q u a t i o n s 1 -----
I n e q u a l i t i e s 1 _ _ _
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American Chemical  S o c i e t y  (ACS) Toledo  Chemis try  
Placement  Exam. This  n a t i o n a l  exam was des ig n e d  to measure  
knowledge o f  and a p t i t u d e  for  c o l l e g e  g e n e r a l  c h e m i s t r y .  I t  
has  been shown t o  be a v a l i d  p r e d i c t o r  o f  s t u d e n t  s u c c e s s  in 
c o l l e g e  c h e m s i t r y  f o r  both s t u d e n t s  wi th  p r e v i o u s  e x p e r i e n c e  
in  h i g h  s c h oo l  c h e m i s t r y  and for  t h os e  wi th no p r e v io u s  e x ­
p e r i e n c e  in c h e m i s t r y  (Hovey & Krohn, 1963) .  There are  s i x  
s u b s c a l e s  on the  exam:
I .  A r i t h m et i c  and Algebra (15 )
I I .  General  Knowledge [ o f  c h e m i s t r y ]  (25)
I I I .  Formulas and Nomenclature [ i n  c h e m i s t r y ]  (10)
IV. Equat ions  (6 )
b a l a n c i n g  and/or  c ompl e t i n g  
chemi ca l  e q u a t i o n s  ( r e a c t i o n s )
V. A l g e b r a ic  Formulat ion ( 6 )
t r a n s l a t i o n  o f  s t a t e m e n t s  or laws o f  c he mi c a l  
phenomona t o  a l g e b r a i c  e q u a t i o n s  
VI. Chemical  Problems (5 )
S u b s c a l e s  V -Al ge br a i c  Formulat ion and Vl -Chemi ca l  Problems  
are p a r t i c u l a r l y  i n t e r e s t i n g  to  t h i s  author  s i n c e  t h i s  type  
o f  problem i s  a d d r e s s e d  s p e c i f f i c a l l y  in  the  mat hemat i c s  f o r  
c h e m i s t r y  c u r r i c u l u m.  L i k e w i s e ,  t he  p r o c e s s  o f  b a l a n c i n g  
c he mi ca l  e q u a t i o n s ,  p a r t s  o f  S u bs c a l e  IV, i s  d e a l t  wi th in 
Chapter 12 o f  the  mat hemat ic s  f o r  c h e m i s t r y  t e x t .  Con­
v e r s e l y ,  S u b s c a l e s  I I - G e n e r a l  Knowledge and I I I -F o r m u l as  and 
Nomenclature  are  not  g o a l s  o f  t h i s  c o u r s e .  S i n ce  t h i s  s tudy
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was f o c u se d  p r i m a r i l y  on how w e l l  s t u d e n t s  c o u l d  apply  
mat hemat ic s  t o  c h e m i s t r y  a p p l i c a t i o n  problems ( r a t h e r  than 
r e c a l l  o f  r e l e v a n t  c h e m i s t r y  k n ow l ed g e ) ,  s t u d e n t s  were a l ­
lowed t o  use  t h e  b l u e  c h e m i s t r y  g l o s s a r y  s e c t i o n  o f  t h e i r
o
t e x t  dur ing  t he  exam.
Q u i z z e s  o f  Mathematics  S k i l l s  and A p p l i c a t i o n s . The 
q u i z z e s  used f o r  pre and p o s t  t e s t i n g  were d e s i g n e d  to  meas­
ure the  e f f e c t i v e n e s s  o f  each s e c t i o n  o f  the  t e x t .  They 
were g en e r a t ed  from the  p e r t i n e n t  s e c t i o n s  o f  t he  t e x t .  
Q u e s t i o n s  verbat i m from problem as s i gn me nt s  and q u e s t i o n s  
s i m i l a r  in form (and c o n c e p t s )  from the  problem a s s ig nme nt s  
were u s ed .  ( See  Appendix 3 f or  a c o m p i l a t i o n  o f  t h e s e  
q u i z z e s . )
N e i d t  A t t i t u d e  S c a l e . This  i n s t r um e n t  (Appendix 4)  has  
been used both in  mat hemat i c s  ( K l o p f e n s t e i n , 1977) and o t h er  
s u b j e c t s  ( N e i d t  & S j o g re n ,  1968; Rayder & N e i d t ,  1964) to. 
moni tor  s t u d e n t  a t t i t u d e s  towards  t h e  i n s t r u c t i o n .  The 
N e id t  S c a l e  y i e l d s  t h r e e  s e p a r a t e  s c o r e s  r e l a t i n g  to  a t t i ­
t u d es  toward method o f  i n s t r u c t i o n ,  c ou r s e  c o n t e n t ,  and the  
e x t e n t  to  which t he  c o u r se  has  met t h e  s t u d e n t ' s  e x p e c t a ­
t i o n s ,  as w e l l  as a t o t a l  s c o r e .  T y p i c a l l y  over  the  co ur se
The c h e m i s t r y  f a c t s  in t he  b l u e  g l o s s a r y  s e c t i o n  
are arranged a l p h a b e t i c a l l y  so t h a t  s t u d e n t s  do n o t  know au­
t o m a t i c a l l y  which p i e c e s  o f  i n f o r m a t i o n  should be u t i l i z e d  
for  any p a r t i c u l a r  problem but must l o o k  up key c o n c e p t s  
ment ioned in the  c h e m i s t r y  problem.  See Chapter I I I ,  page  
5 3 . )
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o f  t h e  s e me s t e r  t h e  s t u d e n t  a t t i t u d e  on each o f  t he  t h r e e  
s e p a r a t e  measures  f o l l o w s  a n o n l i n e a r ,  m o n o t o n i c a l l y  d e ­
c r e a s i n g  c u r v e .  The s c a l e  measures  s t u d e n t  a t t i t u d e s  
towards  t h e  s p e c i f i c  c o u r se  ( somet imes  termed c o ur s e  e v a l ­
u a t i o n )  as opposed to  the  a t t i t u d e  towards  mat hemat i c s  in  
g e n e r a l  as  measured by t h e  Aiken s c a l e .  The r e l i a b i l i t i e s  
( N e i d t  & S j o g r e n ,  1968) r ep ort ed  in v a r i o u s  c o l l e g e  c l a s s e s  
f o r  t h e  t h r e e  s u b s c a l e s  range  from .5  t o  . 8 .
Ana l ys es
D a i l y  m e a s u r e s . For the  p r e t e s t s ,  mat hemat i c s  s k i l l ,  
and c h e m i s t r y  a p p l i c a t i o n s  q u i z z e s  ment ioned e a r l i e r ,  a 
t e c h n i q u e  d eve l oped  by E ps te in  ( 1 9 75 )  was u t i l i z e d .  The 
scheme u t i l i z e s  s e q u e n t i a l  t e s t i n g  o f  each c on c ep t  or s k i l l .  
The u n i t  o f  a n a l y s i s  i s  the  i n d i v i d u a l  s k i l l  or c o n c e p t ,  not  
each c ha pt er  o f  the  t e x t .  Se v e r a l  d i f f e r e n t  c o n c e p t s  were 
i n c l u d e d  on each qu i z  and each o f  t h e s e  was ana l yzed  s e p a ­
r a t e l y .  S e q u e n t i a l  t e s t i n g  r e q u i r e s  t he  random s e l e c t i o n  o f  
s t u d e n t s  one at  a t i me  w i t ho ut  r e p l a c e m e n t ,  f o l l o w e d  by ad­
m i n i s t e r i n g  o f  i n s t r u c t i o n ,  and then t e s t i n g  o f  t he  s e l e c t e d  
s t u d e n t .  The p r e s e n t  a d a p t a t i o n  o f  E p s t e i n ' s  scheme admin­
i s t e r e d  i n s t r u c t i o n  to  a l l  s t u d e n t s  in t he  c o u r s e .  Tes t  a 
random h a l f  o f  t he  p o p u l a t i o n  on each s k i l l  and then choose  
fo r  a n a l y s i s ,  s c o r e s  one at  a t i me  from the  p o p u la t i o n  t e s t ­
ed .
The E ps te in  procedure  r e q u i r e s  the  c h o i c e  o f  four par­
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ameters  t o  d e s c r i b e  q u a l i t y  i n s t r u c t i o n :
= 1 -  the  e f f e c t i v e n e s s  o f  h i gh  q u a l i t y  i n s t r u c t i o n  
i . e .  r e p r e s e n t s  the  p r o b a b i l i t y  t h a t  a s t u d e n t  
w i l l  be unable  t o  accompl i sh  t h e  o b j e c t i v e  when the  
i n s t r u c t i o n  i s  o f  u n q u e s t i o n a b l y  h i gh  q u a l i t y .
= 1 -  the  e f f e c t i v e n e s s  o f  low q u a l i t y  i n s t r u c t i o n
i . e . ,  p2 r e p r e s e n t s  the  p r o b a b i l i t y  t h a t  a s t u d en t  
w i l l  be unable  t o  accompl i sh  t h e  o b j e c t i v e  when the  
i n s t r u c t i o n  i s  o f  u n a c c e p t a b l y  low q u a l i t y ,  
v = t h e  p r o b a b i l i t y  o f  r e j e c t i n g  i n s t r u c t i o n  t h a t  i s  
e f f e c t i v e
w = t h e  p r o b a b i l i t y  o f  e r r o n e o u s l y  a c c e p t i n g  i n s t r u c t i o n  
t h a t  i s  i n e f f e c t i v e
E p s t e i n ' s  procedure  y i e l d s  t he  f o l l o w i n g  g e n e r a l  e q u a t i o n s  
where n = the  number o f  o b s e r v a t i o n s .
d  ^ = -  h  ^ + sn ( l ower  l i n e  - -  for  a c c e p t an c e )
d2 = h2 + sn (upper l i n e  - -  for  r e j e c t i o n )
where s = g2 / ( g 1 + g2 ) 
h 1 = b / ( g 1 + g2 ) h2 = a / ( g 1 + g2 )
g 1 = l o g  ( p 2 / p 1) g2 = - l o g  [ ( 1  -  p2) / ( 1  -  p. , )]
a = l o g  [(1 -  w) / v ] b = ' - l o g  [ w / (  1 -  v ) ]
For the  mat hemat i c s  for  c h e m i s t r y  s t udy  t he  f o l l o w i n g
parameters  were chosen as  b e i n g  r e a s o n a b l e  e s t i m a t e s  o f  h i gh  
q u a l i t y  i n s t r u c t i o n :
I n s t r u c t i o n  o f  a g i v en  c on c e p t  on a p r e t e s t  or s k i l l
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q u i z  was h i gh  q u a l i t y  i f  855! or more o f  the  p o p u la t i o n  e x h i ­
b i t e d  mas tery  o f  t he  c on c ep t  ( i . e . ,  s u c c e s s f u l l y  answered  
the  q u e s t i o n ( s ) .)
I n s t r u c t i o n  o f  a p a r t i c u l a r  a p p l i c a t i o n  was h i g h  q u a l i ­
t y  i f  80% or more o f  t he  p o p u l a t i o n  e x h i b i t e d  mas t ery  o f  the  
c o n c e p t .
I n s t r u c t i o n  o f  a p a r t i c u l a r  c on c ep t  on a p r e t e s t  or  
s k i l l  q u i z  was u n a c c e p t a b l e  i f  l e s s  than 60% o f  the  popula ­
t i o n  e x h i b i t e d  mas tery  o f  the  c o n c e p t .
I n s t r u c t i o n  o f  a p a r t i c u l a r  a p p l i c a t i o n  was u n a c c e p t ­
able  i f  l e s s  than 50% o f  the  p o p u l a t i o n  e x h i b i t e d  mas t ery  o f  
the  c o n c e p t .
The e s t a b l i s h e d  p r o b a b i l i t y  o f  r e j e c t i n g  high q u a l i t y  
i n s t r u c t i o n  was . 0 1 .  The a l lowed p r o b a b i l i t y  o f  a c c e p t i n g  
low q u a l i t y  i n s t r u c t i o n  was . 10 .  The s e t t i n g  o f  r e j e c t i o n /  
ac ce p t a n c e  p r o b a b i l i t i e s  f o l l o w s  E p s t e i n ' s  s u g g e s t i o n  that  
at  t he  e a r l y  s t a g e s  o f  deve lopment  r e j e c t i n g  high q u a l i t y  
i n s t r u c t i o n  i s  a very  c o s t l y  err or  w h i l e  a c c e p t i n g  low  
q u a l i t y  i n s t r u c t i o n  i s  l e s s  C o s t l y .
I n s e r t i n g  the parameters  for  s k i l l  i n s t r u c t i o n  i n t o  the  
g e n e ra l  e q u a t i o n s  y i e l d  the l i n e a r  e q u a t i o n s  for  the d e t e r -
67
mi n at i on  o f  adequacy o f  s k i l l  i n s t r u c t i o n :  
d 1 = - 1 . 7 2  + . 2 6 2n
d2 = 3-39  + . 262n
For d e t e r m i n i n g  the  adequacy o f  a p p l i c a t i o n  i n s t r u c t i o n  one  
o b t a i n s  t he  l i n e a r  e q u a t i o n s :  
d 1 = - 1 . 6 5  + . 339n
d2 = 3 . 2 5  + . 339n
The graphs  (See  Fi gure  I and F i gure  I I )  for  t h e s e  e q u a t i o n s  
are  p a r a l l e l  l i n e s  which de t ermi ne  t he  demarcat ion  for  de ­
c i s i o n s  about  whether to  a c c e p t  or  r e j e c t  i n s t r u c t i o n  on a
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g i v en  c o n c e p t .  To use t he  graph'  p l o t  t h e  number o f  
s t u d e n t s  v e r s u s  the  number o f  f a i l u r e s .  I f  t h e  s e l e c t e d  
s t u d e n t  ma s t er s  the  c on c ep t  move one u n i t  to the  r i g h t ;  i f  
the  s t u d e n t  f a i l s  t h e  c o n c ep t  move one u n i t  t o  the  r i g h t  and 
one u n i t  up.  Cont inue c h o o s i n g  s t u d e n t s  and p l o t t i n g  t h e i r  
performance  u n t i l  one  o f  t h e  f o l l o w i n g  o c c u r s :  (a)  some
p o i n t  in t he  sequence  f a l l s  be low l i n e  d  ^— in which c a s e  
one a c c e p t s  t he  i n s t r u c t i o n  on t h a t  c o n c e p t ,  . (b)  some p o i n t  
in t h e  sequence  f a l l s  above l i n e  d2 — in which c a s e  one 
r e j e c t s  i n s t r u c t i o n  on t h a t  c o n c e p t ,  ( c )  e x ha us t  t he  sample  
o f  s t u d e n t s  who have been t e s t e d - - i n  which c a s e  one con-
9Act ua l  graphing  i s  o b v i o u s l y  n o t  n e c e s s a r y  and the  
a n a l y s i s  was made us ing  i n e q u a l i t i e s  and a BASIC-PLUS com­
puter  program, QUANAL, (Appendix 5)  deve loped by t h i s  author  
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10e l u d e s  t h a t  f u r t h e r  t e s t i n g  on t h i s  o b j e c t i v e  i s  n e ed e d .
I f  we can a c c e p t  i n s t r u c t i o n  on t he  s k i l l s  from the  
p r e t e s t  q u i z z e s  then t h a t  s k i l l  need not  be  emphasized in 
the  c u r r i c u l u m .  Curriculum s e c t i o n s  t h a t  are  r e j e c t e d  on 
the  p o s t q u i z z e s  must be r e v i s e d .
E p s t e i n ' s  scheme a v o i d s  many o f  t he  o b j e c t i o n s  to  o t h e r  
e v a l u a t i o n s .  Most i m p o r t a n t l y  i t  a l l owed a n a l y s e s  o f  i n d i ­
v i d u a l  c o n c e p t s  as opposed to broad s e c t i o n s  o f  e n t i r e  cur ­
r iculum e f f o r t s .  D e c i s i o n s  r e g a r d i n g  a c c e p t a b i l i t y  o f  i n ­
s t r u c t i o n  can be made wi th  fewer t r i a l s  u s i n g  the  s e q u e n t i a l  
method than u s i n g  o t h er  schemes .
Gross  c h a n g e s . For measures  t h a t  are used as bot h  pre  
and p o s t t e s t s  (Aiken a t t i t u d e s ,  mat hemat i c s  p r o f i c i e n c y ,  and 
ACS c h e m i s t r y  a p p l i c a t i o n s )  a s impl e  r ep ea t ed  measures  
t - t e s t  t o  d e t e c t  any s i g n i f i c a n t  d i f f e r e n c e s  was u s e d .
1 0The d i s t a n c e  from each o f  t he  two l i n e s  o f  demarca­
t i o n  can be computed to de t ermi ne  i f  any i n d i c a t i o n  o f  d e c i ­
s i o n  i s  emerging .  When ( a , b )  i s  t he  l a s t  p o i n t  o f  t h e  s e ­
quence t h i s  d i s t a n c e  f u n c t i o n  would be  computed by:
// o f  s u c c e s s i v e  s u c c e s s e s  to  a c c e p t  i n s t r u c t i o n  =
d1~ 1 (b) -  a
# o f  s u c c e s s i v e  f a i l u r e s  to  r e j e c t  i n s t r u c t i o n  = c -  a
where c i s  a number such t h a t  d2 ( c )  -  c = b - a
I t  s houl d  be kept  in mind that  t h i s  i n d i c a t i o n  d o es  not
meet the  d e c i s i o n  c r i t e r i a  s e t  up in ( 1 )  through ( 6 ) .
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Minimal e n t r y  s k i l l s . To answer the  q u e s t i o n  o f  what 
ainimal e n t r y  s k i l l s  are n e c e s s a r y  for  s u c c e s s A . d i s c r i m i n a n t  
analys is  was employed us ing  pre t r e a t m e n t  d a ta  ( c o l l e c t e d  in 
III) as d i s c r i m i n a t i n g  v a r i a b l e s .
CHAPTER V 
RESULTS
The dat a  p re se nt ed  in t h i s  c ha pt e r  are d i r e c t e d  toward 
d e t a i l e d  d e s c r i p t i v e  a n a l y s i s  o f  t he  c ur r i c ul um:  m a t e r i a l s ,
s t u d e n t s  and c o u r s e .  The a n a l y s e s  can be c o n v e n i e n t l y  d i ­
v ided i n t o  f i v e  s e c t i o n s :
1. A p r o f i l e  o f  t he  s t u d e n t  p o p u l a t i o n  on demographic  
and s c h o l a s t i c  background v a r i a b l e s .
2. P r e - p o s t  means and p o s s i b l e  d i f f e r e n c e s  on c o g n i ­
t i v e  m e a s u r e s .
3. P r e - p o s t  a t t i t u d e  means and p o s s i b l e  d i f f e r e n c e s .
4. D i s c r i m i n a t i o n  o f  c a s e s  who succeed in or b e n e f i t  by 
the  Mathemat ics  f o r  Chemistry c o u r s e .
5. De t ermi n at i on  o f  t h e  adequacy o f  i n d i v i d u a l  s e c ­
t i o n s  o f  t h e  t e x t .
6. Generat ion  o f  a d d i t i o n a l  h y p o t h e s e s  t h a t  might  be 
t e s t e d  in f u t u r e  s t u d i e s  des ig n e d  s p e c i f i c a l l y  to  answer the  
q u e s t i o n s  r a i s e d  in t h i s  s e c t i o n .
P r o f i l e  o f  S t ud e nt  P o p u l a t i o n
In a d d i t i o n  to the g e n e ra l  d e s c r i p t i o n  o f  t h e  s t ud en t  
p o p u l a t i o n ,  c e r t a i n  s c h o l a s t i c  background v a r i a b l e s  were 
c o l l e c t e d  from high s c h o o l  t r a n s c r i p t s  t h a t  may be u s e f u l  in 
d e s c r i b i n g  t h i s  s t u d e n t  p o p u la t i o n  and e x p l a i n i n g  s t ud en t  
performance.  The i t e m s  s e l e c t e d  were:
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High s c h o o l  mat hemat ic s  g r ad e s  
F i r s t  year a l g e br a  
Second year a l g e br a  
Geometry  
High s c h o o l  s c i e n c e  g r a de s  
Chemistry  
B i o l o g y  
P h y s i c s
Number o f  y ea rs  o f  c o l l e g e  p r e pa r a t o r y  mat hemat i c s
Number o f  y e a r s  s i n c e  l a s t  mat hemat i c s  c o ur s e  was
taken
SAT s c o r e s  f o r  v e r b a l  and ma t he ma t i c s  s e c t i o n s
Age
Sex
When codi ng  h i gh  s c h o o l  grade  i n f o r m a t i o n  a code  o f  
zero ( 0 )  was a s s i g n e d  for  t h o s e  wi th  no grade  in  the  c o u r s e .
St udent s  who did not  take  t he  c o u r se  or who -dropped the
course  w i th ou t  a grade  ( a l s o ,  a few h i gh  s c h o o l  t r a n s c r i p t s  
do not  record c l a s s  a t t e n d a n c e  for  s t u d e n t s  wi th  g ra de s  o f  
F) are  coded 0 — No g r a d e .  The r a t i o n a l e  behind t h i s  c od­
ing scheme i s  t h a t  no grade  probably  r e f l e c t s  l e s s  knowledge  
o f  the  c ou r s e  m a t e r i a l  than any o t h e r  grade  i n c l u d i n g  F, 
which was coded as one ( 1 )  q u a l i t y  p o i n t .  However,  f o r  
rea der s  who would p r e f e r  to c o n s i d e r  "No Grade" as m i s s i n g  
da t a ,  an a d j u s t ed  mean and a d j us ted  median are computed.
The reader  should be  aware t h a t  t he  usual  c o n v e n t i o n  o f
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a s s i g n i n g  four  q u a l i t y  p o i n t s  to  r e p r e s e n t  a grade  o f  A has  
not been adhered to and should i n t e r p r e t  means and medians  
a c c o r d i n g l y .
TABLE 4
FREQUENCY DISTRIBUTION — HIGH SCHOOL MATHEMATICS GRADES







0 No Grade 2 5 . 6 5 . 6 9 2 5 . 0 25.  0 9 25 .  0 25.  0
1 F 3 8 . 3 13 .9 0 0 . 0 25.  0 1 2 . 8 27.  8
2 D 6 1 6 . 7 3 0 . 6 10 2 7 . 8 5 2 . 8 5 1 3 . 9 4 1 . 7
3 C 14 3 8 . 9 69.  4 8 2 2 . 2 7 5 . 0 10 27.  8 69.  4
4 B 7 1 9 . 4 8 8 . 9 5 1 3 . 9 8 8 . 9 10 27.  8 9 7 . 2






















Adj . Med ian 3 . 1 2 . 9 3 . 2
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TABLE 5
FREQUENCY DISTRIBUTION — HIGH SCHOOL SCIENCE GRADES







0 No Grade 10 2 7 . 8 2 7 . 8 3 8 .3 8 . 3 29 80.  6 8 0 . 6
1 F 0 0 . 0 2 7 . 8 0 0 . 0 8 . 3 0 0 . 0 80.  6
2 D 5 13-9 4 1 . 7 3 8 . 3 16 .7 1 2 . 8 8 3 . 3
3 C 10 2 7 . 8 69.  4 17 4 7 . 2 63-9 2 5 . 6 8 8 . 9
4 B 8 2 2 . 2 9 1 . 7 9 2 5 . 0 8 8 . 9 3 8 . 3 9 7 . 2
5 A 3 8 . 3 100.  0 4 11.1 100 . 0 1 2 . 8 100.  0
Mean Grade 







Median Grade 2 . 8 3 . 2 0 .1
Adj . Mean 







Adj . Median 3 . 3 3 . 3 3 . 7
Tabl e s  4 and 5 i n d i c a t e  t h a t  n e a r l y  a l l  t h e s e  s t u d e n t s  
e n r o l l  in Algebra 1 and B i o l o g y  and t h e i r  mean and median  
grade i s  a C. Algebra 2,  Geometry,  and Chemistry are  each  
e l e c t e d  by 75% or fewer s t u d e n t s .  Geometry and Chemistry  
grades  have a p p ro x i ma t e l y  t h e  same d i s t r i b u t i o n  and t h e i r  
mean i s  D+ and median C- wi t h  a d j u s t e d  means and medians  o f  
C+. Algebra 2 grades  tend to be s l i g h t l y  lower  than Chemis­
t ry  or B i o l o g y  grades  as  i n d i c a t e d  by t h e  lower'  Algebra 2
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median f o r  both n o n - a d j u s t e d  (D+) and a d j us ted  ( C - )  g r a d e s .  
The mat hemat i c s  g ra de s  f o r  a l l  c o u r s e s  tend to be s l i g h t l y  
below t h e  g r ad e s  in h igh  s c h o o l  s c i e n c e  c o u r s e s .  P h y s i c s  
was e l e c t e d  by so few o f  t h e  sample t h a t  the  most  d e f i n i t i v e  
s tatement  i s  t h a t  t h e s e  s t u d e n t s  did not  have a c o u r se  in 
p h y s i c s .
TABLE 6
NUMBER OF YEARS OF COLLEGE PREPARATORY MATHEMATICS
Years Frequency Percent Cumulat ive  Percent
0 4 11.1 11.1
1 2 5 . 6 1 6. 7
2 5 1 3 . 9 30.  6
3 16 7 5 . 0
9 25.  0 100.  0
Mean 2 . 7  
Median 2 . 9
Standard Dev i a t i o n 1.2
The number o f  y ea rs  o f  c o l l e g e  pr epa r at o r y  mat hemat ic s  
completed i s  n o t  c o m p l e t e l y  i ndependent  o f  the  da t a  o bt a i ne d  
from h i gh  s c h o o l  mat hemat i c s  g ra d e s  but  does  r e f l e c t  some 
a d d i t i o n a l  i n f o r m a t i o n .  S t ude nt s  r e c e i v i n g  an F in a c o l ­
l e g e  p r e pa r a t o r y  mat hemat ic s  c o u r se  were not  g i v e n  c r e d i t  
for t h a t  c ou r s e  when c o un t i n g  number o f  c o l l e g e  pr epa r at o r y
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courses  c om p l e te d .  The c o n t e n t  o f  t h e  f o ur t h  year o f  
c o l l e g e  p r e pa r a t o r y  mat hemat ic s  v a r i e s  a g r e a t  d e a l  between  
high s c h o o l s .  Only 25% o f  t h e s e  s t u d e n t s  took a f o u rt h  year  
o f  c o l l e g e  p r e pa r a t o r y  mat hemat i c s  and none o f  them had more 









300 -  320 1 3 . 1 3-1 2 6 . 3 6 . 3
321 -  350 5 15.  6 18 .8 1 3 . 1 9 . 4
351 -  380 7 2 1 . 9 40.  6 3 9 . 4 18.8
381 -  410 8 2 5 . 0 65.  6 5 1 5 . 6 34.  4
411 -  440 4 12 .5 78.  1 2 6 . 3 40.  6
441 -  470 2 5 . 6 84.  4 6 1 8 . 8 59.  4
471 -  500 1 3-1 8 7 . 5 5 15.  6 75.  0
501 -  530 1 3 .1 90.  6 5 1 5 . 6 90.  6
531 -  560 0 0 . 0 9 0 . 6 1 3 . 1 9 3 . 8
561 -  590 2 6 . 3 96-9 2 6 . 3 100.  0
591 -  620 1 3 .1 100.  0 0 0 . 0 100.  0
Missing 4 ( 1 1 . 1 ) 4 ( 1 1 . 1 )
Mean (Std d e v ) 412 (74) 451 (71)
Median 399 460
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The SAT Verbal  mean s co re  must be i n t e r p r e t e d  wi th  some 
caut i on  s i n c e  t h e  SAT-V d i s t r i b u t i o n  was p o s i t i v e l y  skewed 
( 1 . 3 0 )  and had a h i gh  p o s i t i v e  k u r t o s i s  ( 1 . 3 1 ) .  As Table 7 
shows 65 . 6?  o f  t he  sample had a s c o r e  o f  410 or l e s s  on the  
SAT-V. The SAT Math d i s t r i b u t i o n  i s  more n e a r l y  normal and 
the means are  i n d i c a t i v e  o f  t he  p o p up l a t i o n  s c o r e s .
TABLE 8
NUMBER OF YEARS SINCE LAST MATHEMATICS COURSE TAKEN
Years Fr equency Percent Cumulat ive  Percent
0 15 4 1 . 7 4 1 . 7
1 10 2 7 . 8 69.  5
2-5 6 1 6. 7 8 6 . 2
6-10 1 2 . 8 89.  0
Over 10 4 11.1 100.  0
Mean 3 . 2  
Median 0.
Standard D e v i a t i o n  1 .2  
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The mean number o f  y ea rs  s i n c e  t h e  l a s t  mat hemat ic s  
course  was taken has o b v i o u s l y  been h i g h l y  e f f e c t e d  by a few 
s c o r e s  and the  median i s  t h e  most u s e f u l  measure o f  c e n t r a l  
tendency f o r  t h i s  v a r i a b l e .  As one would s u s p e c t  age was 
h i g h l y  c o r r e l a t e d  (r  = . 9 8 8 ,  N = 36,  P < -01)  wi th the
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number o f  years  s i n c e  t he  l a s t  mathemat i cs  c o u r s e  was taken  
and t h e  r e s u l t s  p r e s e n t e d  here were not  s u r p r i s i n g  for  a 
l a r ge l y - f r e s h m a n  c l a s s .
TABLE 9 
BIOGRAPHICAL DATA
Frequency Percent  Cumulat ive  Percent
AGE
18 17 4 7 . 2  4 7 . 2
19 8 2 2 . 2  6 9 . 4
20-25 6 1 6 . 7  8 6 . 1
26-31 4 11.1 9 7 . 2
Over 32 1 2 . 8  100 .0
Mean Age 2 0 . 9  Standard D e v i a t i o n  6 . 9  
Median Age 18.6
SEX
Male 18 5 0 . 0  5 0 . 0
Female 18 5 0 . 0  100 . 0
P r e - P o s t  C o g n i t i v e  Measures
The f i r s t  q u e s t i o n  t h a t  any curr i cu l um e v a l u a t i o n  must  
ask i s ,  "Do s t u d e n t s  know more c o n t e n t  a t  the  end o f  t he  
course  than was e x h i b i t e d  at  the  beg i nn i n g ?"  To d e t e c t  
d i f f e r e n c e s  between pre and pos t  means a r e p e a t e d - m e a s u r e s
I80
t - t e s t  was employed wi th  t w o - t a i l e d  p r o b a b i l i t i e s  computed.  
As ment ioned in Chapter IV, the  Plymouth S t a t e  C o l l e g e  Math­
emat i c s  P r o f i c i e n c y  Examinat ion for  S c i e n c e  Majors has  a 
s i x - q u e s t i o n  s u b s c a l e  on t r i g o n o m e t r y .  S i n c e  t r i g o n o m e t r y  
has l i t t l e  use in g e n e r a l  c h e m i s t r y  and was n o t  t r e a t e d  in 
t h i s  c o u r s e ,  t h e  p r o f i c i e n c y  exam has been a na l yz ed  both  
with and wi th ou t  t he  t r i g o n o m e t r y  s e c t i o n .
TABLE 10
ANALYSIS OF MATHEMATICS PROFICIENCY EXAMINATION
Subsca le Form Mean S.D. D i f f d f t
Ent i re  Exam
P r e t e s t
P o s t t e s t




7 . 7 27 7 . 56 ** *
Algebra S e c t i o n
P r e t e s t
P o s t t e s t




7 . 6 27 7 . 2 9 * * *
P < .001
With an average  ga i n o f  over one s tandard d e v i a t i o n  i t
i s  c l e a r  t h a t  t h e s e  s t u d e n t s  l earn ed  some ma t h e ma t i c s .  The 
means r ep o r t ed  for  the  p r e t e s t  do not  i n c l u d e  t h o s e  s t u d e n t s  
who dropped the  c o u r s e .  The p r e t e s t  mean i n c l u d i n g  t h o se  
s t u d e n t s  who dropped was lower ( e n t i r e  exam iT = 2 0 . 9 ,  s = 
6 .5;  a l g e b r a  exam x" = 1 9 . 6 ,  s = 5 . 9 ) .  I n c l u s i o n  o f  t h o se  
case s  who dropped during  the  s emes ter  would i n c r e a s e  the  
t - v a l u e  but  would,  o f  c o u r s e ,  be b i a s e d .
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TABLE 11
ANALYSIS OF ACS TOLEDO CHEMISTRY PLACEMENT EXAMINATIONS
Subscale Form Mean S.D. D i f f d f t
Part 1 
Algebra
P r e t e s t
P o s t t e s t
7 . 6 8
10.46
3 . 3 2  
3.  06
2.81 27 6 . 4 1* * *
Part 2
Gen. Knowledge
P r e t e s t





4 .3 9 27 6 . gu***
Part 3
Nomenclature
P r e t e s t
P o s t t e s t
2. 68 
4. 11
1 . 61 
1 .67
1. 43 27 3 . 31 **
Part 4
Chem. Equat ions
P r e t e s t
P o s t t e s t
1.. 54 
2 . 93
1 .07  
1.56
1.39 27 3 . 78***
Part 5
Alg. Formulat ion
P r e t e s t
P o s t t e s t
2 . 8 9
3.71
0 . 9 6  
1 .67
0 . 8 2 27 2 .3 7 **
Part 6
Chem Problems
P r e t e s t
P o s t t e s t
1.07
1.79
1 .09  
1.13
0 . 72 27 2 .  17*
* p < .05 ** p < .01 *** p < .001
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As i n d i c a t e d  in Table 11 a l l  p a r t s  o f  t he  Toledo  
Chemistry Placement  Exam showed a s i g n i f i c a n t  i n c r e a s e  in  
mean s c o r e  (p < . 0 5 ) .  Three o f  the  s u b s c a l e s  showed p r e t e s t  
s c o r e s  c l o s e  t o  the  t h e o r e t i c a l  minimum. Formulas and No­
m e nc l a t u r e ,  Part  3, has  10 i t e m s  on t h e  4 - r e s p o n s e  m u l t i p l e  
c h o i c e  t e s t .  The t h e o r e t i c a l  minimum i s  2 . 5 .  The p r e t e s t  
mean o b t a i n e d  by t h e s e  s t u d e n t s  i s  2 . 6 8 .  Chemical  Equa­
t i o n s ,  Part  4,  has 6 i t ems  wi th  a t h e o r e t i c a l  minimum o f  1 .5  
and a c t u a l  pre t e s t  mean o f  1 . 54 .  Chemical  Problems,  Part  
6,  has 5 i t ems  wi th  a t h e o r e t i c a l  minimum o f  1.25 and an a c ­
t u a l  p r e t e s t  mean o f  1 . 0 7 .  For each o f  t h e s e  s u b s c a l e s  the  
p o s t t e s t  mean i s  above t h e  t h e o r e t i c a l  minimum. However,  i f  
the  p r e t e s t  mean for  par t  6 i s  r e p l a c e d  wi th the  t h e o r e t i c a l  
minimum o f  1.25 t he  d i f f e r e n c e  in t he  means i s  no longer  
s i g n i f i c a n t  a t  the  . 0 5 - l e v e l .  ( t  = 1 . 6 3 ,  d f  = 27 ,  p < . 15 )  
The i n c r e a s e  in mean performance for  a l l  p a r t s  o f  t he  Chem­
i s t r y  Placement  Exam showed t h a t  t h e s e  s t u d e n t s  l e arn ed  a
J*
s i g n i f i c a n t  amount o f  c h e m i s t r y  over  the co ur se  o f  the. s e ­
m e s t e r .  However,  one should not  a t t r i b u t e  a l l  o f  t h i s  
l e a r n i n g  t o  the  mat hemat i c s  f-or c h e m i s t r y  c ou r s e  s i n c e  t h e s e  
same s t u d e n t s  were a l s o  t ak i ng  g e n e r a l  c h e m i s t r y  c o n c u r r e n t ­
l y .  One can ,  however ,  c on c lu d e  t h a t  t he  combinat ion  o f  t he  
two c o u r s e s  i s  a s u c c e s s f u l  approach towards  i n c r e a s i n g  
s t u d e n t s '  a b i l i t i e s  t o  perform mat hemat i c s  and to  s o l v e  
c he m i s t r y  a p p l i c a t i o n s  problems .
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P r e - P o s t  A t t i t u d e  Measures
Two t y p e s  o f  a t t i t u d i n a l  measures  were employed in t h i s  
s t u d y .  A t t i t u d e  toward mat hemat i c s  was measured wi th  the  
Aiken i n s t r um en t ;  a t t i t u d e  toward the  c ou r s e  was measured  
with t he  Ne id t  i n s t r u m e n t .
TABLE 12
ANALYSIS OF AIKEN MATHEMATICS ATTITUDE SURVEY
Su bs ca l e Form Mean S.D.  D i f f d f t
Value
P r e t e s t
P o s t t e s t
29-3




23 0 . 1 9
Enjoyment
P r e t e s t
P o s t t e s t
2 4 . 5  
20.  9
7 . 6
- 3 - 6
10.  1
23 2 . 5 3 *
* P < .05
As Table 12 i n d i c a t e s the  jAiken Value s co r e was n e a r l y
c o n s t a n t  over  the  c ou r s e  o f  the  s e m e s t e r .  The Aiken Value  
s c a l e  has  10 i t e m s  r e s u l t i n g  in a per i tem mean o f  2 . 9  out  
o f  a maximum o f  4-. 0. These s t u d e n t s  p e r c e i v e d  mat hemat i c s  
as  b e in g  u s e f u l  to s o c i e t y  and t h i s  a t t i t u d e  was no t  d i f f e r ­
ent  a t  t he  c omp l e t i o n  o f  the  c o u r s e .  However,  t he  mean 
s c o r e  on the  Enjoyment s c a l e  d e c re a s e d  s i g n i f i c a n t l y  (p < 
. 05 )  over the  co ur se  o f  the  s e m e s t e r .  The Aiken Enjoyment
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s c a l e  has 11 i t e m s  r e s u l t i n g  in a pre t e s t  per i tem mean o f  
2 . 2  and a p o s t  t e s t  per i tem mean o f  1 . 9 .  For c o l l e g e  s t u ­
d e n t s '  a t t i t u d e  s co r e  to  change s i g n i f i c a n t l y  i s  unusual  
s i n c e  a t t i t u d e s  become more s t a b l e  wi th  m a t u r i t y  ( Aiken ,  
1972) .  These s t u d e n t s  a t t i t u d e s  towards  enjoyment  o f  mathe­
m a t i c s  can be d e s c r i b e d  as noncommittal  and i t  d e c l i n e s  over  
the  c ou r s e  o f  t he  s e m e s t e r .  The high s tandard d e v i a t i o n  was 
reason to  examine the  d i s t r i b u t i o n  more c a r e f u l l y .
TABLE 13
DISTRIBUTION OF AIKEN -ENJOYMENT ATTITUDE SCORES
Score
P r e t e s t P o s t t e s t
Fr eq Pet Cum
Pet
Fr eq Pet Cum
Pet
0 1 ■Cr 0 0 . 0 0 . 0 2 8. 3 8 . 3
5 - 9 1 4 . 2 4 . 2 2 8 . 3 16 . 6
JT1O 2 8 . 3 12 .5 2 8 . 3 24 .  9
15 -  19 4 16. 7 2 9 . 2 3 12 . 5 37.  4
20 -  2>\ 4 1 6 . 7 45.  9 5 20.  8 58.  2
25 -  29 5 20.  8 66.  7 5 20.  8 79.  0
30 -  34 7 2 9 . 2 95 . 9 4 1 6 . 7 9 5 . 7
35 -  40 1 • 4.  2 100.  0 1 4 . 2 100.  0
Median 25 23
In Table 13 the distribution for the pre- and posttest
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has been computed o n l y  f o r  compl e te  d a t a .  The median s core  
for  t h e  p o s t t e s t  and examinat ion  o f  the  d i s t r i b u t i o n  on t he  
low end o f  the  p o s t t e s t  s c a l e  po i n t ed  to the f a c t  t h a t  a 
change o f  t h r e e  c a s e s  i n t o  the  0 - 9  range has been r e s po n­
s i b l e  f or  a g r e a t  d e a l  o f  the  d e c r e a s e  in  Aiken Mathematics  
Enjoyment s c o r e .
The Aiken a t t i t u d e  s c a l e  i s  d e s i gn e d  to r e f l e c t  s t u d e n t  
a t t i t u d e  towards  mat hemat i c s  w h i l e  t he  Neidt  s c a l e  i s  de ­
s i gn e d  to  r e f l e c t  s t u d e n t  a t t i t u d e  towards  t he  c o u r s e .  
However,  the  p o s t  t e s t  measures  o f  Aiken a t t i t u d e  are h i g h l y  
c o r r e l a t e d  wi th  c e r t a i n  Ne idt  meas ures .
. As shown in Table both t he  pre and p o s t  Aiken Enjoy­
ment s u b s c a l e s  are  h i g h l y  c o r r e l a t e d  wi th  the  Ne idt  Content  
s u b s c a l e .  However,  t he  p o s t  Aiken Enjoyment s c a l e  i s  h i g h l y  
c o r r e l a t e d  wi th  the  o t h e r  two Ne idt  measures  w h i l e  t h e  pre­
t e s t  Enjoyment s c a l e  does  not  show t h i s  c o r r e l a t i o n .  
L i k e w i s e ,  the  p o s t  Aiken Value s c a l e  shows a marked i n c r e a s e  
in c o r r e l a t i o n  wi th  t he  Ne idt  E x p e c t a t i o n  when compared wi th  
t h e  p r e t e s t  v a l u e s .  One p o s s i b l e  e x p l a n a t i o n  for  t h i s  
d i f f e r e n c e  i s  t h a t  w h i l e  t h e  p r e t e s t  Aiken s c o r e s  were taken  
during  the  f i r s t  c l a s s  pe r i o d  and s t u d e n t s  were not  r e a c t i n g  
t o  t h e  math f o r  c h e m i s t r y  c o u r s e ,  a l l  o t h e r  a t t i t u d e  s c o r e s  
were taken a f t e r  s t u d e n t s  had been exposed to the math for  
c h e m i s t r y  c o u r se  for  f i v e  or more weeks and were a f f e c t e d  by 
r e a c t i o n s  to  the c o u r s e .  '
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• TABLE 14




Pre Tes t  Post  Tes t
SCALE
Value  
Pre Tes t  Post  Tes t
METHOD
F i r s t
A d m i n i s t r a t i o n
0 . 0867  
S= .716
0 . 4 3 06  
S = . 058
0 . 06 49  
S= .786
0 .4 5 0 9  
S= . 046
Second
A d m i n i s t r a t i o n
0 .0511  
S= .831
0 .4 2 0 2  
S= .065
- 0 . 1 2 2 2  
S= .608
0.  1151 
S= .629
Third
A d m i n i s t r a t i o n
0 . 0 4 4 3  
S= .853
0 .4 1 16  
S = .071
- 0 . 0 7 9 1  
S= . 740
0 . 25 1 8  
S= .284
CONTENT
F i r s t
A d m i n i s t r a t i o n
0.6091  
S= .004
0 . 7 6 5 5  
S = .001
0.  1402 
S= . 555
0 . 2 6 7 9  
S= . 254
Second
A d m i n i s t r a t i o n
0 . 4 92 8  
S= .027
0 .6 1 2 3  
S= . 004
0 . 2 9 6 2  
S= . 205
0 . 3 2 3 5  
S = . 164
Third
A d m i n i s t r a t i o n
0 . 2451  
S= .298
0 .3 7 88  
S = . 100
0 . 13 5 5  
S= .569
0 . 5 2 0 2  
S = .019
EXPECTATION
F i r s t
A d m i n i s t r a t i o n
0 . 3408  
S= .141
0 . 7 2 2 3  
S= .001
0 . 0 2 6 4  
S = . 912
0 . 3 7 1 9  
S= . 106
Second
A d m i n i s t r a t i o n
0 . 2 4 9 2  
S= .289
0 . 6 6 4 5  
S= .001
0 . 0 0 4 8  
S= .'984
0 . 3 83 8  
S= . 095
Third
A d m i n i s t r a t i o n




0 . 0 1 2 8  
S= . 957
0 . 4 5 4 2  
S= . 044
N = 20 S = S i g n i f i c a n c e
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TABLE 15
NEIDT ATTITUDE — PER QUESTION MEANS AND STANDARD DEVIATIONS
ADMINISTRATION
SUBSCALE F i r s t Second Third
Method 1. 698 1 .760 1. 760
( 0 . 6 4 1 ) ( 0 . 5 1 1 ) ( 0 . 5 9 1 )
Content 2 . 008 1. 960 2.  056
( 0 . 7 8 4 ) ( 0 . 5 5 1 ) ( 0 . 6 3 9 )
E x p e c t a t i o n 1.688 1 .808 1 . 752
( 0 . 8 8 9 ) ( 0 . 8 1 5 ) ( 0 . 8 6 3 )
N = 25
I n s p e c t i o n  o f  t h e  means in Table 15 does  n o t  show the  
d e c r e a s e  in a t t i t u d e  s c o r e  r ep or t ed  in p r e v i ou s  r e s e a r c h  
u s i n g  t he  Ne idt  s c a l e  ( N e i d t ,  1964; N e i d t  & S j o g r e n ,  1968) .  
However,  t h e r e  seem to  be some d i f f e r e n c e s  between s c o r e s ' o n  
d i f f e r e n t  s u b s c a l e s .  To t e s t  f o r  p o s s i b l e  d i f f e r e n c e s  
between d i f f e r e n t  a d m i n i s t r a t i o n s  o f  t he  Ne idt  s c a l e  and 
p o s s i b l e  d i f f e r e n c e s  between d i f f e r e n t  s u b s c a l e s  a two-way  
a n a l y s i s  o f  v a r i a n c e  wi th r ep ea ted  measures  was performed  




ANALYSIS OF VARIANCE FOR ADMINISTRATIONS OF 
NEIDT SUBSCALES WITH REPEATED MEASURES
Source SS d f MS F
A -  Admi ni s tra t on 0.  139 2 0 . 0 6 9 6 .27
S -  S u bj e c t 7 4 . 2 2 6 24 3 . 0928
A x S 12.2176 48 0 . 2 5 4 5
B -  S u bs c a l e 3 . 4 8 2 2 1 . 7410 5 . 4 5  **
B x S 15.344 48 0 . 3 1 9 7
A x B 0.221 4 0 . 0 5 5 3 . 72
A x B x S 7-339 96 0 . 7 6 4 5
T ot a l  . 112 .97 224
#* p < .01
In t he  computat ion o f  t he  Ne idt  means and the  a n a l y s i s  
o f  v a r i a n c e  to  d e t e c t  d i f f e r e n c e s  between means l i s t w i s e  
d e l e t i o n  was employed which brought  the  sample s i z e  to  25 .  
The o n l y  s i g n i f i c a n t  d i f f e r e n c e s  encount ered were d i f f e r ­
enc es  between means on the  t h r e e  d i f f e r e n t  s u b s c a l e s .
Content  appears  to  be r at ed  h i gh er  by t h e s e  s t u d e n t s  than  
does  e x p e c t a t i o n  or method.  To make c ompar i sons  between a l l  
p o s s i b l e  s u b s c a l e  means a Newman-Kuels procedure  was em­
p l o y e d .
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TABLE 17
NEWMAN-KUELS COMPARISON OF NEIDT SUBSCALE MEANS
Content  Ex p e c t a t i o n  Method r s^q Qt- ( r , 4 8 )
2 . 0 0 8  1 . 749  1 .739
Content  .259 .269  3 .281
2 . 00 8
E x p e c t a t i o n  . 010  2 .233
1.749
So = /  .319677 = . 0816082
B /  ITS------
The Newman-Kuels procedure  shows t h a t  t he  d i f f e r e n c e  
between t he  Ne id t  Content  and Ex p e c t a t i o n  S u b s c a l e s  i s  s i g ­
n i f i c a n t  (p < . 0 5 ) .  The s t u d e n t s  seem to  p e r c e i v e  t h e  con­
t e n t  o f  the  mat hemat ic s  f o r  c h e m i s t r y  c o ur s e  as be in g  appro­
p r i a t e  even though t h e  c o u r se  has n o t  f u l f i l l e d  t h e i r  e x p e c ­
t a t i o n s .  The c o u r s e  seems to  have answered the  q u e s t i o n  o f  
"What good i s  mathemat ics?" and ye t  s t u d e n t s  ar e  s t i l l  d i s ­
appo i nted  wi th  t he  c o u r s e .
P r e d i c t i o n  o f  Case R e s u l t s
In s p i t e  o f  t he  encourag ing  r e s u l t s  when pre and pos t  
c o g n i t i v e  v a r i a b l e s  are examined,  some s t u d e n t s  f a i l e d  to 
s ucceed in t h e  mat hemat i c s  f o r  c h e m i s t r y  c o u r s e .  This  s e c ­
t i o n  i s  devoted  toward answering the  q u e s t i o n  o f  what
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TABLE 18
DISCRIMINATION OF CASES WHO SUCCEED
Step V a r i a b l e F t o  e n t e r
number e nt e red removed or remove
1 Algebra 2 grade 21 . 4264
2- ACS s u b s c a l e  2 16 .0163
3 Geometry grade 2 . 7027  ■
4 SAT -  V 3.9708
5 Sex 1.4318
6 ACS s u b s c a l e  6 1 .4279
D i s c r i m i n a n t  Func t i on  C o e f f i c i e n t s
Va r i ab l e  
Algebra 2 grade  
ACS s u b s c a l e  2 
Geometry grade  
SAT -  V 
Sex
ACS s u b s c a l e  6 
Constant
S t a n d a rd i ze d  
- 0 . 8 5 0 6 3  
- 0 . 4 5 2 1 2  
0 . 27 4 8 7  
- 0 . 2 6 7 5 3  
- 0 . 1 6 9 1 9  
- 0 .  14788
C e n t r o i d s  o f  Groups
Succeed (A or B or C) - 0 . 4 7 9 6 4
Unstandardized  
- 0 . 5 7 8 5 8  
- 0 .  15134
0 .18266  
- 0 . 0 0 3 5 7  
- 0 . 3 3 2 8 0  
- 0 . 1 3 3 5 5  
' 4 . 89039
F a i l  (D or F) 1.59881
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TABLE 18 - Continued
P r e d i c t i o n  R e s u l t s
No. o f  P r e d i c te d  Group
Actua l  Group Cases  F a i l  Succeed
F a i l  7 7 0
(D or F) 100.  055 0 . 0%
Succeed 21 1 20
(A or B or C) 4.855 9 5 . 2 %
Ungrouped Cases  8 7 1
(Dropped Course)  8 7 . 5 % 12.555
Per ce nt  o f  grouped c a s e s  c o r r e c t l y  c l a s s i f i e d :  96.  455
minimal  e n t r y  s k i l l s  are  r e q ui r ed  for  s t u d e n t s  to  s u c c e e d .  
For purposes  o f  t he  a n a l y s i s  t h o s e  s t u d e n t s  who earned A, B, 
or C grades  in the  c o u r se  were d e f i n e d  as having  succeeded  
w hi l e  s t u d e n t s  wi th  D or F g r a de s  were d e f i n e d  as having  
f a i l e d .  S t e p - w i s e  d i s c r i m i n a t e  a n a l y s i s  was used to  sepa­
r a t e  t h e s e  g r ou p s .  The d i s c r i m i n a t i n g  v a r i a b l e s  e n t er ed  i n ­
t o  t he  a n a l y s i s  were demographic and s c h o l a s t i c  background 
v a r i a b l e s  d e s c r i b e d  in t he  s e c t i o n  P r o f i l e  o f  Student  Popu­
l a t i o n  and t h e  p r e t e s t  s c o r e s  on the  mat hemat ic s  p r o f i c i e n c y  
exam and the  s i x  s u b s c a l e s  o f  t he  ACS Toledo  Chemistry  
Placement  Exam.
Six o f  the  v a r i a b l e s  were e n t er ed  b e f o r e  t h e  F v a l u e  
dropped below 1. No v a r i a b l e s  were removed a f t e r  they  had 
been e n t e r e d .  For the d i s c r i m i n a t e  a n a l y s i s ,  s t u d e n t s  who 
dropped the  c ou r s e  were not  grouped i n t o  e i t h e r  o f  the
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s u c c e s s  c a t a g o r i e s  even though the  m a j o r i t y  o f  t h o s e  who 
dropped had low g r ad e s  b e f o r e  dropping the  c o u r s e .  The 
p r e d i c t i o n  equat ion  ( c o r r e c t l y )  c l a s s i f i e s  most  s t u d e n t s  who 
drop t h e  c ou r s e  as  probably  f a i l i n g .
The f i r s t  two v a r i a b l e s  en t e red  i n t o  the  d i s c r i m i n a n t  
e q u a t i o n  were t he  h igh s c h o o l  Algebra 2 grade and the s co r e  
on t he  ACS Toledo s u b s c a l e  2, General  Knowledge.  The s t a n ­
dar di z ed  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  o f  - 0 . 8 5 0 6 3  and 
- 0 . 4 5 2 1 2  show t h a t  t h e s e  two v a r i a b l e s  were by f a r  the  most  
important  v a r i a b l e s  o f  the  s i x  entered in t he  a n a l y s i s .  The 
g r a p h i c a l  r e p r e s e n t a t i o n  o f  t h e s e  two v a r i a b l e s  ( F i g ur e  3)  
shows t h a t  a good background in Algebra 2 i s  import ant  f o r  
s u c c e s s  in math f o r  c h e m i s t r y  but  t h a t  t h o s e  wi th poor back­
grounds in Algebra 2 may be a b l e  t o  succeed in math f o r  
c h e m i s t r y  i f  t h ey  have  enough g e n e r a l  knowledge o f  c he mi s ­
t r y .  The n e x t  two v a r i a b l e s  e n t e r  wi th  c o n s i d e r a b l y  s m a l l e r  
F v a l u e s .  The s t a n d a r i z e d  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t  
for  geometry  grade  ( 0 . 2 7 4 8 7 )  i n d i c a t e d  geometry  g ra de s  are  
i n v e r s e l y  r e l a t e d  to  s u c c e s s  in math f o r  c h e m i s t r y .
However,  t he  mean geometry  grade for  t h o s e  who s ucceed i s  
2 . 9 5  w h i l e  the  mean geometry grade  for t h o s e  who f a i l  i s  
2 . 1 7 .  Apparant ly  t he  geometry  grade  i s  added to the  d i s ­
c r i m i na n t  equat ion  to  c o r r e c t  for  o ve r - c om p e n s a t i o n  o f  the  
Algebra 2 grade and ACS Toledo Placement  S u b s c a l e  2 s c o r e s .  
The v e r b a l  s c o r e  on the  SAT exam c o n t r i b u t e s  another  dimen­
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e nt e r  w i t h  very  s mal l  F v a l u e s  and have low s t a n d a r d i z e d  
c o e f f i c i e n t s .  For t h i s  s i z e  sample t h e  l a s t  two v a r i a b l e s  
cannot  be c o n s i d e r e d  s i g n i f i c a n t .
I n d i v i d u a l  S e c t i o n s  o f  t he  Text
The E p s t e i n  method [ s e e  Chapter IV] y i e l d e d  d e t a i l e d  
i n f o r m a t i o n  on s t u d e n t  ach i evement  f o r  each d i s c r e t e  c on c e p t  
t e s t e d  in d a i l y  q u i z z e s .  For t h i s  a n a l y s i s ,  s t u d e n t s  were 
randomly a s s i g n e d  to  one o f  two p o s t  q u i z z e s  on e i t h e r  a l g e ­
b r a i c  s k i l l s  or c h e m i s t r y  a p p l i c a t i o n s .  Qui zz es  were admin­
i s t e r e d  t w i c e  a week f o r  a t o t a l  o f  46 q u i z z e s  o f  t he  two 
t y p e s .  In a d d i t i o n ,  s t u d e n t s  were a l s o  g i v e n  24 f i v e - m i n u t e  
p r e q u i z z e s .  The q u i z z e s  are compi l ed in Appendix 3.  The 
r e s u l t s  o f  the  E ps te in  s e q u e n t i a l  t e s t i n g  a n a l y s e s  o f  t h e s e  
q u i z z e s  are  ga t h ered  in Appendix 2.  The numbers in t h e  c o l ­
umns headed ITEM(S) r e f e r  to  the  q u e s t i o n  number(s)  for  the  
a s s o c i a t e d  q u i z .  The columns headed KNOWLEDGE or OUTCOME 
l i s t  t h e  r e s u l t s  from the  s e q u e n t i a l  t e s t i n g  a n a l y s i s .  The 
numbers in p a r e n t h e s e s  r e f e r  to the  number o f  c a s e s  p i cked  
( a t  random) b e f o r e  t h e  d e c i s i o n  was made.
S e v e r a l  d i f f e r e n t  p a t t e r n s  can be  o b s e r v e d .  For i n ­
s t r u c t i o n  on c o n c e p t s  t h a t  i s  judged d e f i c i e n t  in the  pre ­
q u i z  an outcome o f  ACCEPT shows t h a t  l e a r n i n g  has taken  
p l a c e  and s e c t i o n s  o f  the  t e x t  t h a t  d e a l  wi th t h a t  c o n c ep t  
do not  need to be r e v i s e d .  For example in Chapter 3 [Table  
331 s t u d e n t  knowledge o f  t h e  d e f i n i t i o n  o f  " i n v e r s e l y  pro­
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p o r t i o n a l "  was d e f i c i e n t  in t he  p r e q u i z .  For both the  Form 
A and Form B p o s t  q u i z z e s  the  " i n v e r s e l y  p r o p o r t i o n a l "  con­
c e p t  was a c c e p t e d  as r e p r e s e n t i n g  high q u a l i t y  i n s t r u c t i o n .  
Those c o n c e p t s  f o r  which NO DECISION was made on t he  p o s t ­
q u i z  w h i l e  c l a s s i f i e d  as DEFICIENT on t he  pr eq u i z  show t h a t  
some l e a r n i n g  has  taken p l a c e  by some s t u d e n t s .  The E ps te in  
method would s u g g e s t  t h a t  f u r t h e r  t e s t i n g  be done on t h o s e  
s e c t i o n s .  M u l t i p l e  p r o p o r t i o n a l i t y  s t a t e m e n t s  in Chapter 8 
[Table  333 e x e m p l i f i e s  a c o n c ep t  in t h i s  c a t e g o r y .
Those c o n c e p t s  t h a t  are c l a s s i f i e d  as DEFICIENT in the  
p r e q u i z  w i t h  outcome o f  REJECT i n s t r u c t i o n  on the  p o s t t e s t  
i n d i c a t e  c o n c e p t s  t h a t  need r e v i s i o n  in  the  t e x t .  In some 
c a s e s  t he  r e v i s i o n  n e c e s s a r y  may be t h a t  t h e s e  c o n c e p t s  need 
to  be e l i m i n a t e d  from the  c urr i cu l um becaus e  s t u d e n t s  do not  
have t he  n e c e s s a r y  e n t e r i n g  s k i l l s  to  handle  t h e s e  t o p i c s .  
[See  pages  98 ,  99 and Chapter VI,  page 1173 In o t h e r  c a s e s  
r e w r i t i n g  t h o s e  t e x t  s e c t i o n s  which d e a l  wi th  t h e s e  c o n c e p t s  
may r e s u l t  in t he  d e s i r e d  outcome.  S e v e r a l  o f  the  t o p i c s  
t h a t  are  r e j e c t e d  in t h e  p o s t t e s t  appear to need more ques ­
t i o n s  devoted  to  t h a t  c o n c e p t  in  t h e  t e x t  problem s e t s .
In t he  f i r s t '  few c h a p t e r s  t h e  r e s u l t s  o f  t he  p r e q u i z  
i n d i c a t e d  t h a t  a few c o n c e p t s  had a l r e a d y  been mastered  
(PREVIOUSLY LEARNED) by t h e s e  s t u d e n t s .  Those c o n c e p t s  can 
be e l i m i n a t e d  from the  t e x t  or d e - e m p h a s i z e d . In no i n ­
s t a n c e  was one o f  the  c o n c e p t s  judged as p r e v i o u s l y  l ea rn ed
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in a p r e q u i z  and then r e j e c t e d  in t he  p o s t q u i z .  In one i n ­
s t a n c e  t he  knowledge o f  a c o n c e p t  was in t he  NO DECISION 
zone in t h e  p r e qu i z  but  in t h e  REJECT zone on the  p o s t q u i z .  
For Chapter 2,  Form A, t h e  c o n c ep t  o f  rounding  a number when 
the  l a s t  d i g i t  i s  a 9 which must  be  rounded up was in t h i s  
c a t e g o r y .  One o f  s e v e r a l  e x p l a n a t i o n s  are p o s s i b l e :  (a)
the  i n s t r u c t i o n  was d e b i l i t a t i n g  r a t h e r  than f a c i l l i t a t i n g
i . e .  t he  i n s t r u c t i o n  i s  i n t e r f e r i n g  wi th p r e v i o u s  under­
s t a n d i n g ,  (b)  the  laws o f  p r o b a b i l i t y  are  o p e r a t i n g  and t h i s  
i n s t a n c e  i s  one o f  the  e xp e c t e d  o f  the  c o n c e p t s  t h a t  are  
r e j e c t e d  in s p i t e  o f  h i gh  q u a l i t y  i n s t r u c t i o n ,  ( c )  the  i t e m s  
used t o  t e s t  t h i s  c on c ep t  between p r e q u i z  and p o s t q u i z  are  
o p e r a t i n g  a t  d i f f e r e n t  l e v e l s  or t e s t i n g  d i f f e r e n t  c o n c e p t s .  
A comparison o f  q u e s t i o n  i t e m s  f o r  t h i s  c o n c e p t  [ p r e q u i z  
q u e s t i o n :  round 6 . 3 9 8  - -  p o s t q u i z  q u e s t i o n :  round 7896]
would l ead  one t o  b e l i e v e  t h a t  t h i s  c o n c e p t  may need to be  
su b d iv i d e d  i n t o  two s e p a r a t e  c o n c e p t s  depending upon the  
p l a c e  v a l u e  in which t h e  9 o c c u r s .
In some c a s e s  a c on c ep t  was t e s t e d  on a l l  t h r e e  
q u i z z e s .  For example i n  t h e  .quiz on Chapter 3 ( i )  [Table  231 
the  use  o f  u n i t  f r a c t i o n s  to  do u n i t  c o n v e r s i o n s  was judged  
DEFICIENT in t he  pre qu i z  and ent ered  the NO DECISION zone  
f or  both t he  p o s t q u i z  o f  mat he mat i c a l  s k i l l s  and the  p o s t ­
qu i z  on c h e m i s t r y  a p p l i c a t i o n s .  Also  in Chapter 3 C i ) m u l t i ­
p l i c a t i o n  o f  f r a c t i o n s  wi th numbers o n l y  was in t he  PREVI­
OUSLY LEARNED zone in t he  p r e q u i z  and in t he  ACCEPT zone in
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the  Form A q u i z  r e p r e s e n t i n g  mathemat i ca l  s k i l l s  but  en t ered  
t he  NO DECISION zone for  the  Form B q u i z  on c h e m i s t r y  a p p l i ­
c a t i o n s .  In t h e  Form B q u i z  t h e  o n l y  t i m e  f r a c t i o n s  were 
m u l t i p l i e d  was during the  computat ion s t a g e  o f  u n i t  c o n v e r ­
s i o n s .  An examinat ion  o f  t h e  q u i z z e s  i n d i c a t e d  t h a t  t he  
poorer performance on the  Form B q u i z  was a r e s u l t  o f  s t u ­
d e n t s  not  be ing  a b l e  t o  s e t  up t h e  problem.  The i n t e r ­
r e l a t i o n  between c o n c e p t s  i s  v i v i d l y  d i s p l a y e d  in the  a n a l y ­
s i s  o f  Chapter 3 Ci) - M u l t i p l i c a t i o n  o f  f r a c t i o n s  wi th  
numbers and l i t e r a l s  in the  Form A mat hemat i ca l  s k i l l s  qu iz  
f a l l s  in t he  NO DECISION z on e .  The u n i t  c o n v e r s i o n  r eq ui r ed  
t h a t  s t u d e n t s  s e t  up f r a c t i o n  product s  u s i n g  d i men s i on s  
which c e r t a i n l y  can be viewed as l i t e r a l s .  The n e c e s s a r y  
t e x t  r e v i s i o n  f o r  t h e s e  c o n c e p t s  may be t o  p l a c e  more em­
p h a s i s  on m u l t i p l i c a t i o n  o f  f r a c t i o n s  wi th l i t e r a l s  and the  
a s s o c i a t e d  c a n c e l l a t i o n  p r o c e s s .  These k i n ds  o f  a n a l y s e s  
with  the  data  p r ese nt ed  in Appendix 2 shoul d  f a c i l i t a t e  f u ­
t ure  r e v i s i o n s  o f  the  curr i cul um m a t e r i a l s  used in t h i s  
s tud y.
The primary advantage  of. the  Eps te in  scheme i s  t h a t  
d i s c r e t e  c o n c e p t s  are  i d e n t i f i e d  as needing  r e v i s i o n .  
However,  i t  may be u s e f u l  to no t e  t he  f o l l o w i n g  g e n e r a l i z a ­
t i o n s  about  t he  mat hemat i c s  for  c he m i s t r y  curr icu l um t ha t  
are drawn from c o m p i l a t i o n s  o f  dat a  from Appendix 2.  For 
both t y p e s  o f  q u i z z e s  t he  o v e r a l l  performance o f  s t u d e n t s  
over t he  e n t i r e  c ou r s e  showed t h a t  app ro x i ma te ly  26% o f  the
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c o n c e p t s  were a c c e pt e d  as having been l e a r n e d ,  *J37> o f  the  
c o n c e p t s  were in  the  no d e c i s i o n  c a t e g o r y  and the  l e a r n i n g  
on 3155 o f  t he  c o n c e p t s  was r e j e c t e d .  The f i v e - m i n u t e  pre­
q u i z z e s  did not  t e s t  a l l  o f  the  c o n c e p t s  i n c lu de d  in the  two 
f i f t e e n - m i n u t e  p o s t q u i z z e s .  However,  t he  r e s u l t s  o f  the  
p r e q u i z z e s  s u gg e s t e d  t h a t  i n i t i a l  s t u d e n t  knowledge o f  
co ur s e  c o n c e p t s  was d e f i c i e n t .  85 . 955 o f  t h o s e  c o n c e p t s  
p r e t e s t e d  were judged to be DEFICIENT.
The c o n c e p t s  on t h r e e  o f  the  q u i z z e s  [ s c i e n t i f i c  n o t a ­
t i o n  (Table  26) ;  graphing dat a  from chemica l  a p p l i c a t i o n s  
(Table  31) ;  and product  o f  p o l y n o m i a l s  (Table  35)1 had an 
e x c e p t i o n a l l y  h i gh  p e r c e n t a g e  o f  ac c e pt e d  outcomes .  The 
c o n c e p t s  on seven o f  t he  q u i z z e s  [ u n i t  c o n v e r s i o n s  f o r  chem­
i c a l  c o n c e p t s  o f  mole (Table  25) ;  s o l u t i o n  o f  l i n e a r  equa­
t i o n s  wi t h  more than one l i t e r a l  in terms o f  o t h e r  l i t e r a l s  
(Table  29) ;  c h e m i s t r y  a p p l i c a t i o n s  o f  l i n e a r  methods  wi th  
s e v e r a l  l i t e r a l s  (Table  29) ;  l i n e a r  i n e q u a l i t i e s  a p p l i e d  to  
chemi ca l  e q u i l i b r i u m  (Table  30) ;  product  o f  p o l y n o m i a l s  ap­
p l i e d  t o  chemi ca l  e q u i l i b r i u m  (Table  35 ) ;  s o l u t i o n  o f  quad­
r a t i c  e q u a t i o n s  a p p l i e d  to chemi ca l  e q u i l i b r i u m  (Table  4 0)3  
had an e x c e p t i o n a l l y  h i gh  p e r c e n t a g e  o f  r e j e c t e d  out comes .
In f i v e  o f  t he  seven above c a s e s  Micro P r i n c i p l e  II-A  
(Chapter I I I ,  p.  Ml) was v i o l a t e d .  Macro P r i n c i p l e  I -B ( p .  
Ml) r e q u i r e s  t h a t  a l l  r e q u i s i t e  mat hemat i ca l  s k i l l s  f o r  gen­
e r a l  c he m i s t r y  be i n c l u d e d .  S i n ce  the  mathemat ics  course  
was a o n e - s e m e s t e r  c ou r s e  and the c h e mi s t r y  co ur se  was a
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t w o - s em e s t e r  c o u r s e ,  the  mat hemat i ca l  t o p i c s  encount ered  in 
second s e m es t er  c h e m i s t r y  had to be i n c lu de d  in the  f i r s t  
semes ter  mat hemat i c s  c o u r s e .  The c h e m i s t r y  a p p l i c a t i o n ,  
chemica l  e q u i l i b r i u m ,  i n c l u d e d  in q u i z z e s  6 ( i i i )  B, 1 0 ( i ) B, 
and 13 B i s  n o t  i n t ro d uc ed  in c h e m i s t r y  u n t i l  second semes­
t e r .  L ik e wi se  t he  c o n c ep t  o f  mole in q u i z z e s  * l ( i i )  A and 
4 ( i i )  B was i n t ro du c ed  l a t e r  in t he  f i r s t  s e m es t e r  c h e m i s t r y  
c o ur s e  than was t h i s  a p p l i c a t i o n  i n t r o d uc e d  in the  mathemat­
i c s  c o u r s e .  Micro p r i n c i p l e  II-A which s u g g e s t s  t h a t  a p p l i ­
c a t i o n s  shoul d  be  t r e a t e d  s i m u l t a n e o u s l y  in  both c h e m i s t r y  
and mat hemat i c s  i s  a p p a r a n t l y  an i mport ant  s eq ue nc in g  
p r i n c i p l e  for  t h i s  c o u r s e .
One o f  t he  b a s i c  p re mi se s  for  d e v e l o p i n g  t h i s  c u r r i c u ­
lum has been t h a t  s t u d e n t s  do not  t r a n s f e r  knowledge from 
one s e t t i n g  t o . a n o t h e r . Furt her  e v i d e n c e  o f  t h i s  premise  i s  
provided from a p e r u sa l  o f  Appendix 2 .  For the  mathemat i ­
c i a n ,  s o l v i n g  a l i n e a r  e q u a t i o n  i n v o l v e s  the  same p r o c e s s  
r e g a r d l e s s  o f  t he  t y p e s  o f  c o e f f i c i e n t s  and c o n s t a n t s  u t i ­
l i z e d .  Thi s  i s  c l e a r l y  n o t  t he  c a s e  for  the  s t u d e n t .  In 
Chapter 6 ( i )  [Table  28]  the  p r e qu i z  i n d i c a t e d  t h a t  s t u d e n t s  
knew how t o  s o l v e  l i n e a r  e q u a t i o n s  wi th  i n t e g e r  c o e f f i c i e n t s  
and c o n s t a n t s .  However,  t h e  p o s t  qu i z  i n i d c a t e s  t h a t  for  
both Form A and Form B, s t u d e n t s  can n o t  s o l v e  l i n e a r  equa­
t i o n s  wi th  d e c i m a l ,  n o n - i n t e g r a l  c o e f f i c i e n t s  and c o n s t a n t s .  
Si nce  s t u d e n t s  had a c c e s s  to  a c a l c u l a t o r  the  d i f f i c u l t y  
should not  be t h e  i n c r e a s e d  a r i t h m e t i c a l  c o m p l e x i t y .  I t  ap­
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pears  t h a t  t h e  premise  on which t h e s e  m a t e r i a l s  are d e v e l ­
oped i s  c o r r e c t  but  even more p r a c t i c e  in t h e s e  k i nds  o f  
problems needs  to  be provided for  the  s t u d e n t .  In problem 
s e t  VI o f  t he  t e x t  m a t e r i a l s  s t u d e n t s  encount ered  l i n e a r  
e q u a t i o n s  wi th  d e c i m a l ,  n o n - i n t e g r a l  c o n s t a n t s  o n l y  in  t he  
v e r b a l l y - p r e s e n t e d  " a p p l i c a t i o n s . "  In problem s e t  VI ( # 2 ,  p.  
69 o f  t e x t )  i t  appears  n e c e s s a r y  t o  i n c l u d e  l i n e a r  e q u a t i o n s  
with d e c i ma l  c o e f f i c i e n t s  and c o n s t a n t s  as a s u b s t i t u t i o n  
for  some o f  the  l i n e a r  e q u a t i o n s  wi th  i n t e g r a l  c o n s t a n t s .  
S i m i l a r  t y p e s  o f  r e v i s i o n s  seem to  be n e c e s s a r y  f o r  o t h e r  
s e c t i o n s  o f  the  t e x t .  The t e x t  g i v e s  an example o f  the  s o ­
l u t i o n  o f  a f o u r t h  d e g r e e  po lynomial  and shows how t o  f ind  
the s o l u t i o n  t h a t  l i e s  between 0 and 1. The a n a l y s i s  o f  the  
q ui z  i n d i c a t e d  t ha t  s t u d e n t s  may (NO DECISION) have l e a rn e d  
how t o  f i n d  s o l u t i o n s  o f  p o l y n o m i a l s  in the  u n i t  i n t e r v a l .  
But i t  r e j e c t s  t he  e x t e n s i o n  o f  t h i s  s k i l l  to  s o l u t i o n s  o u t ­
s i d e  o f  t he  u n i t  i n t e r v a l .  L i k e w i s e ,  s t u d e n t s  can f i nd  the  
l e a s t  common m u l t i p l e  for  smal l  number p a i r s  but  f a i l  to 
f i n d  t he  l e a s t  common m u l t i p l e  for  l a r g e  number p a i r s .  For 
t h i s  l a s t  example s t u d e n t s  may have l e a rn e d  to s o l v e  t he  
smal l  number problems by a t r i a l  and e rror  approach or by 
r o t e  ( thr ough  p r e v i o u s  p r a c t i c e  wi th a d d i t i o n  o f  f r a c t i o n s )  
r a t he r  than d e v e l o p i n g  a s y s t e m a t i c  procedure  u t i l i z i n g  f a c ­
t o r i z a t i o n  .
L i t e r a l s  are a s o u r ce  o f  d i f f i c u l t y  f o r  t h e s e  s t u d e n t s  
throughout  the  c o u r s e .  As p r e v i o u s l y  ment ioned (page  96)
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s t u d e n t s  l e a r n  t o  work wi t h  numerica l  f r a c t i o n s  but  no d e c i ­
s i o n  i s  made on whether they  a l s o  l e a r n  to  o p e r a t e  wi th  l i t ­
e r a l  f r a c t i o n s .  In Chapter 6 ( i ) [Table  28 3 s t u d e n t s  e x h i ­
b i t  mas tery  o f  removing grouping symbols  preceeded  by a 
number but  t h i s  c o n c ep t  f a l l s  in t he  NO DECISION zone when 
the  grouping  symbol i s  preceeded by a l i t e r a l .  In Chapter  
6 ( i i )  [Table  29 3 s t u d e n t s  cannot  s o l v e  an e q u a t i o n  for  one 
o f  s e v e r a l  l i t e r a l s  even though t h ey  can s o l v e  s i m i l a r  equa­
t i o n s  wi th  n o t  more than two l i t e r a l s  p r e s e n t .  In Chapter  
1 2 ( i i )  [Table  393 no d e c i s i o n  i s  made on whether or not  s t u ­
d e nt s  can s o l v e  a l g e b r a i c  f r a c t i o n s  i n v o l v i n g  one l i t e r a l .  
However,  i f  t he  a l g e b r a i c  f r a c t i o n  i n v o l v e s  more than one 
l i t e r a l  the  c on c ep t  i s  r e j e c t e d .  Throughout t h e  t e x t  when 
more than two l i t e r a l s  are  p r e s e n t  s t u d e n t s  seem to  p a n i c .  
The d i f f i c u l t y  i s  r e a l l y  t h e  same as  t he  d e c i m a l - d i f f i c u l t y  
r e f e r r e d  to  e a r l i e r .  S t ude nt s  do n o t  seem t o  g e n e r a l i z e  
from one l e v e l  o f  c o m p l e x i t y  t o  t he  n e x t .
H y po t he s i s  Ge ne ra t i o n
The r e l a t i v e l y  s ma l l  sample s i z e  o f  t h i r t y  s i x  may be 
c o n s i d e r e d  to  be a l i m i t i n g  f a c t o r  o f  t h i s  s t u d y .  L i k e w i s e ,  
the  absence  o f  a c o n t r o l  group r e q u i r e s  one t o  be c a u t i o u s  
in recommending t h i s  curr i cu l um in p l a c e  o f  o t h e r s .  How­
e v e r ,  the  smal l  d e s c r i p t i v e  s tudy  wi t h  many c a r e f u l l y -  
moni tored v a r i a b l e s  i s  c on du c iv e  t o  h y p o t h e s i s  g e n e r a t i o n .  
This  s e c t i o n  examines  s e v e r a l  s i g n i f i c a n t  c o r r e l a t i o n s  
between v a r i a b l e s  and s u g g e s t s  p o s s i b l e  h y p o t h e s e s  t ha t
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TABLE 19
CORRELATIONS OF AIKEN MATHEMATICS ATTITUDE SCORES
AIKEN MATHEMATICS ATTITUDE SCORES 
P r e t e s t  P o s t t e s t
Enjoyment Value Enjoyment Value
C o l l e g e .3361 .2118 . 3102 . 0299
Chemistry N=33 N=33 N =22 N =22
Grade ( .056) ( . 237) ( . 115) ( . 882)
P r e t e s t .0591 . 1564 . 4590 .5403
Mathematics N=33 N = 33 N =27 N =27
P r o f i c i e n c y ( . 7 4 4 ) ( . 385) ( . 0 1 5 ) ( . 0 0 4 )
P o s t t e s t .3462 - . 0 1 2 1 . 5802 .2124
Mathematics N=25 N =25 M =26 N =26
P r o f i c i e n c y ( . 09) ( . 9 5 4 ) ( . 0 0 2 ) ( . 2 9 8 )
SAT-Math .2646 . 0749 . 6263 . 1289
N =29 N =29 N =25 N =25
( . 165) ( . 6 9 9 ) ( . 0 0 1 ) ( . 539 )
Algebra 2 . 1713 - . 0 5 5 2 . 4292 . 2479
Grade N = 33 N =33 N =27 N =27
( . 3 4 0 ) ( . 7 6 0 ) ( . 0 2 5 ) ( . 2 1 2 )
High s ch o o l . 1629 .2377 .4088 . 4368
Chemistry N=33 N=33 N =27 N =27
Grade ( .365) ( . 183) ( . 0 3 4 ) ( . 0 2 3 )
P r e t e s t . 1015 - .  1535 .4763 . 1871
ACS S u bs ca le  1 N =33 N =33 N =27 N =27
Mathematics ( . 574) ( . 394) ( . 0 1 2 ) ( . 350)
P o s t t e s t .2050 .1313 • 3593 .2380
ACS S u bs c a l e  1 N =25 N =25 N =26 N =26
Mathematics ( . 3 2 6 ) ( . 5 3 2 ) ( . 0 7 1 ) ( . 242)
P r e t e s t . 1054 . 1518 . 3662 .1260
ACS S u bs c a le  5 N=33 N=33 N =27 N =27
Alg.  Formulat ion ( . 5 5 9 ) ( . 399 ) ( . 0 6 0 ) ( . 531)
P o s t t e s t .4993 . 0760 .5170 .0803
ACS S u bs c a l e  5 N =25 N =25 N =26 N =26
Alg.  Formulat ion ( . 0 1 1 ) ( . 718) ( . 0 0 7 ) ( . 6 9 7 )
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TABLE 19 - Continued
AIKEN MATHEMATICS ATTITUDE SCORES 
P r e t e s t  P o s t t e s t
Enjoyment Value Enjoyment Value
F i n a l  Grade .0270 -.0522 . 3895 .0861
Math for N=33 N=33 N =27 N =27
Chemistry ( .882) (.773) ( .045) ( .669)
# o f  Years .0442 -.0548 . 2988 . 4519
C o l l e g e  Prep N=33 N=33 N =27 N =27
Mathematics (.807) ( .762) ( . 130) ( .018)
// o f  Years . 1008 . 4006 -. 1101 -.2007
s i n c e  l a s t  math N=33 N=33 N =27 N =27
co u r se  taken (.577) (.021) (.585) (.316)
Age . 1009 . 3933 -. 1474 -.2298
N=33 N=33 N =27 N =27
(.576) (.024) ( .463) (.249)
( S i g n i f i c a n c e )  
may be t e s t e d  in f u t u r e  s t u d i e s .
As e x p e c t e d  q u a n t i t a t i v e  c o g n i t i v e  v a r i a b l e s  from high  
s c h o o l  r e c o r d s  are  h i g h l y  c o r r e l a t e d  wi th  each o t h e r  and • 
with  q u a n t i t a t i v e  c o g n i t i v e  v a r i a b l e s  measured in t h i s  
s t u d y .  The c o r r e l a t i o n s  t h a t  w i l l  be examined in t h i s  s e c ­
t i o n  d e a l  w i t h  o t h e r  s i g n i f i c a n t  c o r r e l a t i o n s  and the  l a c k  
o f  s i g n i f i c a n t  c o r r e l a t i o n s  between a p p a r a n t l y  s i m i l a r  v a r i ­
a b l e s .
The low c o r r e l a t i o n  between the  i n i t i a l  Aiken s c a l e  and 
v a r i ou s  measures  o f  mat hemat i ca l  competence  was c o n t r a r y  to  
much o f  t he  e v i d e n c e  p re se nt e d  in the  l i t e r a t u r e  (Aiken ,  
1974). S e v e r a l  p o s s i b l e  h y p o t h e s e s  might  be f o r mu la t e d .
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Perhaps p o o r l y - a c h i e v i n g  mat hemat ic s  s t u d e n t s  who are  i n t e r ­
e s t e d  in t he  s c i e n c e s  have a l a t e n t  p a t t e r n  o f  i n c r e a s e d  
mathemat ics  a t t i t u d e  s c o r e s .  In t h i s  c a s e  t he  a t t i t u d e  
s c o r e s  f o r  s t u d e n t s  t e s t e d  in t h e  f a l l  were h i gh er  than t h e y  
would have been had t h e s e  s t u d e n t s  been t e s t e d  c l o s e r  to an 
i n t e n s e  ( o f t e n  poor)  e x p e r i e n c e  wi th  m a t h e m a t i c s .  Under 
t h i s  h y p o t h e s i s ,  one would be  i n t e r e s t e d  in whether the  d e f ­
i n i t e  d e c l i n e  in  Aiken Enjoyment s c o r e s  might  be m i t i g a t e d  
by t i m e .  I f  s t u d e n t s  were r e t e s t e d  one year a f t e r  the end 
o f  the  c o u r se  would the  Aiken Enjoyment s c o r e  rebound?
Would the  Aiken Value s c o r e  a l s o  i n c r e a s e ?  I f  s o ,  then a 
t o t a l  i n c r e a s e  i n  t he  Aiken Value s co re  might  be o b s e r v e d .  
These q u e s t i o n s  i n d i c a t e  s e v e r a l  avenues  f o r  f u t u r e  r e s e a r c h  
on a t t i t u d e s .
S e v e ra l  measures  o f  e n t e r i n g  mat hemat i ca l  competence  
seem t o  be p o s i t i v e l y  c o r r e l a t e d  wi th  t he  p o s t  measure on 
t he  Aiken Value s c o r e  but  n o t  s i g n i f i c a n t l y  c o r r e l a t e d  wi th  
the  pre measure o f  the  same s c a l e .  For example t h e  h i gh er  
the  mat hemat i c s  p r o f i c i e n c y  i s  in September the  h i g h er  the  
Aiken Value s c o r e  i s  a t  t he  end.  I t  may be t h a t  s t u d e n t s  
must have a c e r t a i n  l e v e l  o f  a l g e b r a  competency in  order  to  
a p p r e c i a t e  t he  c h e m i s t r y  a p p l i c a t i o n s  p r e s e n t e d  in the  
c o u r s e  and t o  p e r c e i v e  t h e  a p p l i c a t i o n s  as v a l u a b l e .  Addi­
t i o n a l  e v i d e n c e  t h a t  a c e r t a i n  l e v e l  o f  pre - knowl edge  i s  
important  to  un d e rs ta nd i ng  the  p r i n c i p l e s  o f  t h i s  c o u r s e  i s  
p r e s e n t e d  in the  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  between
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high s c h o o l  c h e m i s t r y  grade  and f i n a l  Aiken Value s c o r e .  
However,  i t  i s ,  p e r ha ps ,  t he  mathemat i cs  component t h a t  i s  
most important  to  the  a p p r e c i a t i o n  o f  t he  a p p l i c a t i o n s  p r e ­
s en t ed  in t h i s  c o u r s e .  None o f  t he  ACS c h e m i s t r y  p l acement  
s u b s c a l e s  a d m i n i s t e re d  in September were s i g n i f i c a n t l y  (p < 
. 05 )  c o r r e l a t e d  wi th  t h e  pos t  Aiken Value s c a l e .  The c o r r e ­
l a t i o n  between the  number o f  y e a r s  o f  h i gh  s c h o o l  c o l l e g e ,  
p r e pa r a t o r y  mat hemat i c s  taken and the  Aiken Value s c a l e  
again adds e v i d e n c e  t h a t  some minimum c o mp e t e n c i e s  in mathe­
m a t i c s  are  req u i red  in order  to understand the  v a l u e  o f  t he  
c h e m i s t r y  a p p l i c a t i o n s  p r e s e nt e d  in the  co ur se  or to g e n e r ­
a l i z e  t he  v a l ue  o f  mat hemat i c s  to  o t h e r  a rea s  o f  human en­
deavor .
Some i n t e r e s t i n g  c o r r e l a t i o n s  between the  Ne idt  A t t i ­
tude S c a l e  and v a r i o u s  c o g n i t i v e  v a r i a b l e s  are e x h i b i t e d  in 
Table 20.  As t h e  c o u r s e  p r o g r e s s e d ,  the  Method and Expecta­
t i o n  s u b s c a l e s  became i n c r e a s i n g l y  p o s i t i v e l y  c o r r e l a t e d  
with  the  Algebra 2 g rade .  The i n c r e a s i n g  s a t i s f a c t i o n  wi th  
the  c o u r se  for  good a l gebra  s t u d e n t s  and/or  i n c r e a s i n g  d i s ­
s a t i s f a c t i o n  f o r  poor algebra,  s t u d e n t s  would seem to  be a 
r e f l e c t i o n  o f  t he  s t u d e n t s ’ u n de rs ta nd i ng  or l a c k  o f  under­
s t a n d i n g  o f  c o u r se  p r i n c i p l e s .  The c o r r e l a t i o n s  with the  
f i n a l  grade f or  the mat hemat ic s  f o r  c h e m i s t r y  co ur se  f o l l o w  
t he  same p a t t e r n  and are r e f l e c t i n g  the s t rong  i n f l u e n c e  
t h a t  p a s t  performance  in  Algebra 2 has  on t he  f i n a l  grade in 
t h i s  c o u r s e .  One would e x pe c t  the  c o r r e l a t i o n  between the
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TABLE 20
CORRELATIONS OF NEIDT ATTITUDE SCALE
N e id t  Sc a l e Algebra 2 
Grade
Math Pr 
P r e t e s t
o f i c i e n c y  
P o s t t e s t
F i na l
Grade
F i r s t  A d m i n i s t r a t i o n  
Method .2409 .0916 . 1656 .0953
Su bs ca l e N=29 N =29 N =27 . N =29
( . 2 0 8 ) ( . 636) ( . 409) ( . 623 )
Content . 1615 .0891 .3208 . 0948
Su bs ca l e N=29 N =29 N=27 N =29
( . 4 0 3 ) ( . 6 4 6 ) ( . 103 ) ( . 6 2 5 )
E x p e c t a t i o n .3759 . 1458 .4376 . 2283
Su b s ca le N=29 N = 29 N =27 N=29
( . 0 4 4 ) ( . 450 ) ( . 0 2 2 ) ( . 2 3 4 )
Second A d m i n i s t r a t i o n  
Method .3920 .0324 . 2442 .3588
Su b s ca l e N=27 N =27 N =27 N =27
( . 0 4 3 ) ( . 873 ) ( . 220) ( . 0 6 6 )
Content .4266 - . 0 3 0 5 . 0902 .2430
Su b s ca l e N=27 N=27 N =27 N =27
( . 0 2 6 ) ( . 8 8 0 ) ( . 655) ( . 2 2 2 )
E xp e c t a t i o n .6057 .3770 . 4635 .5509
Su b s ca le N=27 N =27 N =27 N =27
( . 0 0 1 ) ( . 0 5 3 ) ( . 0 1 5 ) ( . 0 0 3 )
Third A d m i n i s t r a t i o n  
Method .5395 .0728 . 28'20 . 4454
S ub s ca l e N=27 N =27 N=27 N =27
( . 0 0 4 )  - . ( . 7 1 8 ) ( . 154) ( . 0 2 0 )
Content .2550 . 1261 .2031 . 1758
S u bs ca le N=27 N =27 N =27 N =27
( . 1 9 9 ) ( . 5 3 1 ) ( . 310) ( . 38 0)
Ex p e c t a t i o n .6143 . 1601 . 4067 . 5264
Su bs ca l e N=27 N =27 N =27 N =27
( . 0 0 1 ) ( . 425) ( . 035) .( . 005)
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TABLE 20 - Continued
Neidt Scale ACS Subscale 4 ACS Subscale 5
P r e u e s fc Posttest Pretest Postte:
First Administration 
Method -.3128 .'4101 . 32 4 A . 2249
Subscale N = 29 N = 27 N =29 N =27
(.079) (.034) (.086) (.088)
Content -.3024 . 1634 .2311 . 4703
Subscale N = 29 N =27 M = 2 9 N =27
(.111) ( .415) (.228) ( .013)
Ex pectation -.2985 .2551 .2327 . 3455
Subscale N = 29 N =27 N =29 N =27
( . 116) ( . 199) ( .224) (.078)
Second Administration 
Method -.4634 . 2646 . 4572 . 4833
Subscale N = 27 N = 27 N =27 N =27
(.015) ( . 186) ( .016) (.011)
Content -.5937 . 1678 .0963 . 4209
Subscale N=27 N =27 N =27 N =27
(.001) ( .403) ( .633) (.029)
Ex pectation -.2261 . 3566 . 4218 . 5459
Subscale N = 27 N =27 N = 27 N =27




-. 4848 . 2158 .3706 . 4377
Subscale N = 27 N =27 N =27 N =27
( .010) ( .280) ( .057) (.022)
Content -.5036 .3142 . 1398' . 1915
Subscale N = 27 N =27 N =27 N =27
(.007) (-.111) ( .487) (.339)
Expectation -.3781 . 3356 . 1569 . 4624
Subscale • N = 27 N =27 N =27 N =27
( .052) (.087) ( .434 ) ( .015)
(Si p;n i f io onee)
p r o t e s t  r. f Tcth~x sties orofic ienoy e n d  the N e i d t  n11itude to 
follow the same pattern. However, the correlations between
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t he  p r e t e s t  o f  mat hemat i c s  p r o f i c i e n c y  and the Ne id t  s c a l e  
are  n o t i c e a b l y  l a c k i n g  in any s t r o n g  p o s i t i v e  c o r r e l a t i o n s .  
On t h e  o t h e r  hand,  t h e  p o s t t e s t  o f  mat hemat i c s  p r o f i c i e n c y  
i s  p o s i t i v e l y  c o r r e l a t e d  wi th  t he  Ne i dt  E x p e c t a t i o n  sub­
s c a l e s .
The p r e t e s t  s c o r e  for  ACS S u b s c a l e  4,  (Chemical )  Equa­
t i o n s ,  shows a n e g a t i v e  c o r r e l a t i o n  wi th  a l l  a d m i n i s t r a t i o n s  
o f  each o f  t h e  Ne i d t  s u b s c a l e s .  However,  t h e  p o s t t e s t  
s c o r e s  f o r  ACS S u b s c a l e  4 were p o s i t i v e l y  c o r r e l a t e d  wi th  
the  N e i d t  a t t i t u d e  s c a l e s .  To b e t t e r  understand t he  op e ra ­
t i o n  o f  t h e s e  v a r i a b l e s  t he  g a i n  in ACS S u b s c a l e  4 s c o r e s  
was p l o t t e d  v e r s u s  t h e  t o t a l  s c o r e  on a l l  Ne idt  s c a l e s  ( F i g ­
ure 4 ) .  The graph shows t h a t  t h o s e  who were more s a t i s f i e d  
with t h e  c o u r se  were very  l i k e l y  t o  e x h i b i t  p o s i t i v e  g a i n s  
in ACS S u b s c a l e  4 s c o r e s .  However,  low s c o r e s  on t he  Ne i d t  
s c a l e s  were n o t  i n d i c a t i v e  o f  t h e  probabl e  ga i n  in ACS Sub­
s c a l e  4 s c o r e s .  Al though t he  i t e m s  r e p r e s e n t i n g  S u b s c a l e  4 
were not  t h o s e  t h a t  played the most  s i g n i f i c a n t  r o l e  in the  
mathemat ics  f o r  c h e m i s t r y  c o u r s e ,  t h r e e  i t e ms  on t h i s  sub­
s c a l e  were a p p l i c a t i o n s  i d e n t i c a l  in form to  t o p i c s  i n c l u de d  
in t he  mat hemat i c s  f o r  c h e m i s t r y  c u r r i c u l u m.  One might  h y ­
p o t h e s i z e  t h a t  s a t i s f a c t i o n  wi th  t he  c ou r s e  i s  s u f f i c i e n t  
but not  n e c e s s a r y  t o  showing p o s i t i v e  g a i n s  in s k i l l s  t a u g h t  
in t he  c o u r s e .  Al though ga in  s c o r e s  must be  i n t e r p r e t e d  
with c a u t i o n ,  t he  i n d i v i d u a l  d i f f e r e n c e s  uncovered here  
might  be examined in f u t u r e  s t u d i e s .
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ACS S u b s c a l e  5 ,  A l g e br a i c  Formul a t i on ,  i s  r e p r e s e n t a ­
t i v e  o f  one o f  t h e  o v e r a l l  g o a l s  o f  t he  mathemat ics  f o r  
c he mi s t r y  c u r r i cu l u m.  As e x p ec t ed  s t u d e n t s  who are s a t i s ­
f i e d  wi th  t he  c o ur s e  e x h i b i t  t he  h i g h e s t  s c o r e s  on t he  p o s t ­
t e s t .
Neidt Score
2 0 0 . .
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The curr i cu l um i s  a t  once  shaped by p r e v i o u s  e x p e r i e n c e  
and shapes  f u t u r e  r e s e a r c h .  Prev i ous  r e s e a r c h  by c h e m i s t r y  
educ at o rs  has  shown t h a t  t h o s e  who are d e f i c i e n t  in b a s i c  
a l gebra  s k i l l s  and s i mpl e  mat hemat i c s  problem s o l v i n g  a b i l i ­
t i e s  w i l l  probab l y  f a i l  g e n e r a l  c h e m i s t r y .  Some mat hemat i c s  
e d u c at or s  have  s u g g e s t e d  t h a t  i n c l u s i o n  o f  a n o n - c o n t r i v e d  
c o n t e x t u a l  s e t t i n g  may enhance  t he  mat hemat i c s  c u r r i c u l u m .  
S y n t h e s i z i n g  the  da t a  from t h e s e  two d i f f e r e n t  s u b j e c t  
matter  s o u r c e s ,  i t  would appear t ha t  a v i a b l e  mat hemat ic s  
curriculum f o r  g e n e r a l  c h e m i s t r y  s t u d e n t s  may be a mathemat­
i c s  curr i cu l um t h a t  embodies  g e n e r a l  c h e m s i t r y  e xampl e s .
Thi s  s tud y  has  s t a r t e d  the  deve lopment  p r o c e s s  f o r  such  
a curr i cu l um and has u t i l i z e d  f o r m a t i v e  e v a l u a t i o n  p r o ce ­
dures  t o  h e l p  to  shape f u t u r e  r e v i s i o n s  o f  t he  m a t e r i a l s  
c o n s t r u c t e d  in t h i s  p r o j e c t .  The d e t a i l e d  d e s c r i p t i v e  a n a l ­
y s i s  o f  s t u d e n t s  and m a t e r i a l s  may be u s e f u l  to o t h e r s  who 
may c ont emp l a t e  t h e  use o f  t h e s e  m a t e r i a l s  in s i m i l a r  s e t ­
t i n g s .
S t u d e n t s '  a lge br a  c a p a b i l i t i e s  as measured by Plymouth 
S t a t e  C o l l e g e  Mathematics  P r o f i c i e n c y  Exam improved s i g n i f i ­
c a n t l y  (p < . 0 0 1 ) .  S c o r e s  on each o f  t he  s u b s c a l e s  o f  the  
ACS Toledo Chemistry Placement  Exam a l s o  improved s i g n i f i ­
c a n t l y  (p < . 0 5 ) .  The i n c r e a s e s  in s c o r e s  should be a t t r i -
1 1 0  !
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buted t o  t he  c ombi n at i on  o f  t he  math f o r  c h e m i s t r y  c o u r se  
and t he  e x p e r i e n c e  in  f i r s t  s em e s t e r  g e n e r a l  c h e m i s t r y .
D i s c r i m i n a n t  a n a l y s i s  has  been used to d i f f e r e n t i a t e  
which s t u d e n t s  have  t he  n e c e s s a r y  p r e r e q u i s i t e s  f o r  e n t r a n c e  
i n t o  t h i s  c u r r i c u l u m .  This  c urr i cu l um does  no t  appear to be 
s u i t a b l e  f o r  s t u d e n t s  who have n o t  taken Algebra 2 in  high  
s c h o o l .  I t  i s ,  r a t h e r ,  a p p r o p r i a t e  for  s t u d e n t s  who have  
been exposed to a l g e b r a  but  have  n o t  mastered a l g e b r a i c  
s k i l l s  as  i n d i c a t e d  by a pre t e s t  on a l g e br a  p r o f i c i e n c y .
The s t u d e n t s  in t he  mat hemat i c s  f o r  c h e m i s t r y  c o u r s e  were 
a l s o  v e r y  weak on mat he ma t i ca l  problem s o l v i n g  in t he  chem­
i s t r y  c o n t e x t  as  i n d i c a t e d  by t h e i r  e x t r e m e l y  low p r e t e s t  
s c o r e s  on S e c t i o n  6 o f  the  ACS Toledo  Chemistry Placement  
Exam, Problem S o l v i n g .  These two a rea s  are t h o s e  which the  
curr i cul um a d d r e s s e s .
The a n a l y s i s  o f  i n d i v i d u a l  s e c t i o n s  o f  t he  t e x t  has  
provided d e t a i l e d  i n f o rm a t i o n  u s e f u l  for  curr i cu l um r e v i ­
s i o n .  Rather than a n a l y z i n g  the  c urr i cu l um as a whole  or in 
chapt er  components ,  each d i s t i n c t  c o n c e p t  wi t h i n  a ch a p t er  
was ana l yzed  s e p a r a t e l y .  This  procedure  p r o v i d e s  the  k i nds  
o f  i n f o r m a t i o n  t h a t  may be u s e f u l  to  the  curr i cu l um d e v e l o p ­
e r .  For curr icu l um r e v i s i o n  t he  q u e s t i o n  to  be answered i s  
not the  g e n e ra l  one o f  whether or no t  t he  curr i cul um as a 
whole i s  e f f e c t i v e  but  r a t h e r  which s e c t i o n s  or c o n c e p t s  
need to  be r e v i s e d .
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I m p l i c a t i o n s  for  .Teachi ng
The unique c i r c u m s t a n c e  o f  s i m u l t a n e o u s l y  be in g  author  
o f  c ur r i c u l um m a t e r i a l s ,  t e a c h e r  o f  the  c o u r s e ,  and e v a l u a ­
t o r  p r o v i d e s  a p e r s p e c t i v e  on t h i s  p r o j e c t  t h a t  might  not  
o t h e r w i s e  be p o s s i b l e .  This  s e c t i o n  i s  devoted  to inf ormal  
c o n c l u s i o n s ,  drawn n o t  n e c e s s a r i l y  from e x pe r i men t a l  e v i ­
de nc e ,  but  r a t h e r  from the  v ery  c l o s e  and t o t a l  a s s o c i a t i o n  
t h a t  t h i s  author  has had wi th  t h i s  p r o j e c t  s i n c e  i t s  i n c e p ­
t i o n  n e a r l y  f i v e  y ea rs  ago.  The major t h r u s t  o f  t h e s e  ob­
s e r v a t i o n s  i s  p o i n t e d  toward recommendat ions  to  o t h e r s  who 
might  be c o nt e m p l a t i ng  the  a d a p t a t i o n  o f  t h e s e  m a t e r i a l s  to  
t h e i r  own s i t u a t i o n .
Al though perhaps  o b v i o u s ,  i t  i s  i m p e r a t i v e  t h a t  the  
mathemat ics  and c h e m i s t r y  p e r s o n ne l  work c l o s e l y  w i t h  one  
another  i f  t h e s e  m a t e r i a l s  are  t o  be s u c c e s s f u l .  These ma­
t e r i a l s  were d e s i g n e d  to complement the  problem s o l v i n g  a s ­
pec t  o f  t he  g e n e r a l  c h e m i s t r y  c o u r s e .  I f  t he  c h e m i s t r y  de­
partment  t e a c h e s  a p r i m a r i l y  d e s c r i p t i v e  g e ne r a l  c h e m s i s t r y  
c our se  wi th  l i t t l e  emphasis  on problem s o l v i n g  then the  i n ­
t e n t  o f  t h e s e  m a t e r i a l s  i s  m i s p l a c e d .  C e r t a i n l y  s t u d e n t s  
would not  unders tand the d e s i r e d  i n t e r r e l a t i o n s h i p s  and 
would,  u n doub t ed l y ,  f i n d  the  examples  p re se nt ed  in the  math­
e ma t i c s  f o r  c h e m i s t r y  c o u r se  t o  be c o n t r i v e d .  One o f  the  
e x t r e m e l y  v a l u a b l e  a s p e c t s  o f  t h i s  c o u r se  i s  the  o p p o r t u n i t y  
for  s t u d e n t  a c c e s s  to a mathemat ics  r e s o u r c e  person to; ask
Ii
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q u e s t i o n s  r e g a r d i n g  the mat hemat i ca l  p r e r e q u i s i t e s  o f  the  
c h e m i s t r y  c ou r s e  and v i c e  v e r s a .  Near ly  a l l  o f  t h e s e  s t u ­
dent s  agreed t ha t  t h e  f i v e  or ten mi n u t e s  o f  each c l a s s  t h a t  
was devot ed  to answering m a t h e m a t i c s - r e l a t e d  q u e s t i o n s  a r i s ­
ing in c h e m i s t r y  l e c t u r e  or from the  l a b o r a t o r y  w r i t e - u p  was 
one o f  the  most  v a l u a b l e  a s p e c t s  o f  t h i s  c o u r s e .  Of c o u r s e ,  
i f  t he  l i n e s  o f  communicat ion between mat hemat i c s  and chem­
i s t r y  f a c u l t y  are  n o t  open ,  such " h e l p ” could e a s i l y  be i n ­
t e r p r e t e d  as  unwanted i n t e r v e n t i o n .
In order  to pr ov id e  a mat hemat i c s  r e s o u r c e  person  
throughout  the  y e a r - l o n g  c h e m i s t r y  c o u r se  and b ec au s e  o f  the  
d i f f i c u l t y  o f  p r e s e n t i n g  second s emes t er  c h e m i s t r y  examples  
in t he  f i r s t  s e m e s t e r  mat hemat i c s  c o u r s e ,  i t  seems a d v i s a b l e  
t o  d i v i d e  the  mat hemat i c s  f o r  c h e m i s t r y  c o u r se  i n t o  two s e g ­
ments .  Most o f  t he  second s em es te r  c h e m i s t r y  examples  a l ­
ready occur  in t h e  second h a l f  o f  t he  mat hemat i c s  f o r  chem­
i s t r y  c o u r se  and t h i s  d i v i s i o n  could  be e a s i l y  i n s t i t u t e d .
The pedagogy o f  such f r e q u e n t  q u i z z e s  as were employed 
in t h i s  r e s e a r c h  d e s i g n  seems q u e s t i o n a b l e .  Soon a f t e r  the  
co ur se  s t a r t e d  s t u d e n t s  began to  r e s e n t  t he  n e a r l y  c o n s t a n t  
p r e ss u re  o f  being'  r e s p o n s i b l e  for  a qu iz  t w i c e  a week.  Of - 
course  t he  s t r e s s  was i n c r e a s e d  by n o t  knowing which t yp e  o f  
qu i z  t o  e x p ec t  on any g iven  day .  I would a d v i s e  t h a t  no 
more than one q u i z  be g i v en  each week.  However,  t h e s e  i n ­
formal  o b s e r v a t i o n ■ r a i s e  t h e  r e s e a r c h  q u e s t i o n  o f  how f r e ­
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q u e n t l y  q u i z z e s  should be  g i v e n  to  maximize l e a r n i n g .  The 
i n c l u s i o n  o f  a qu i z  a t  t he  b e g i n n in g  o f  each two-hour  l e c ­
t u r e  per io d  prec luded the  a d m i n i s t r a t i o n  o f  cummulat ive  e x ­
ami nat i ons  a t  s i x  or e i g h t  week i n t e r v a l s .  There was some 
i n d i c a t i o n  t h a t  s t u d e n t s  l e a rn e d  c o n c e p t s  p r e s e n t e d  e a r l y  in  
the  c ou r s e  a f t e r  the  a s s o c i a t e d  qu i z  was a d m i n i s t e r e d .  For 
example ,  t he  c o n s t a n t  u t i l i z a t i o n  o f  c o n c e p t s  o f  s i g n i f i c a n t  
d i g i t s  for  approximate  numbers r e i n f o r c e d  t h i s  i de a  and a l l  
s t u d e n t s  seemed c o n v e r s a n t  wi th  t h e s e  c o n c e p t s  by midterm.  
Given the  chance  t o  e x h i b i t  t h e i r  knowledge and to r e v i e w  
e a r l i e r  c o n e p t s  may be morale  b u i l d i n g .  Often s t u d e n t s  are  
s u r p r i s e d  a t  how e a s y  a p r e v i o u s l y  d i f f i c u l t  problem seems  
a f t e r  l a t e r  r e v i e w .
S u g g e s t i o n s  for  Furt her  Research
In a d d i t i o n  to  the  h y p o t h e s e s  t h a t  were g e n e r a t e d  in 
Chapter V, t h e r e  seem to  be some o t h e r  q u e s t i o n s  t h a t  are.  
important  t o  e x p l o r e .  The r e s u l t s  from t h i s  s tu d y  seem to  
i n d i c a t e  t h a t  t h e s e  m a t e r i a l s  are  worthy o f  a d d i t i o n a l  de­
ve l opment .  S e c t i o n s  o f  the  t e x t  d e a l i n g  wi th c o n c e p t s  t h a t  
have been shown to  be i n e f f e c t i v e  need to be r e w r i t t e n .
These m a t e r i a l s  have been d eve l oped  by one p e rs o n .
C e r t a i n l y  one o f  the  most  import ant  n e x t  s t e p s  i s  to  have  
other  t e a c h e r s  u t i l i z e  t h e s e  m a t e r i a l s  in both i n f o rm a l  and 
formal  t e s t i n g  s i t u a t i o n s .
The e x i s t e n c e  o f  t h e s e  m a t e r i a l s  make p o s s i b l e  s e v e r a l
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o t he r  s t u d i e s  t h a t  may answer some d i f f i c u l t  q u e s t i o n s .
Does t he  exposure  t o  an e x t e n s i v e  problem s o l v i n g  s i t u a t i o n  
t r a n s f e r  t o  o t h e r  c o n t e x t u a l  s e t t i n g s ?  To what e x t e n t  can  
an a p p l i c a t i o n  be changed and s t i l l  have s t u d e n t s  a b l e  t o  
s o l v e  t h e  problem? What kind o f  t r a i n i n g  i s  n e c e s s a r y  f o r  
t e a c h e r s  in  an a p p l i c a t i o n s - o r i e n t e d  mat hemat i c s  c la s s room?  
Do most  mathemat i cs  t e a c h e r s  c u r r e n t l y  p e r c e i v e  a p p l i c a t i o n s  
o f  mat hemat i c s  to  be o u t s i d e  o f  t h e i r  d e s i g n a t e d  realm o f  
a c t i v i t y ?
An a d d i t i o n a l  q u e s t i o n  t h a t  might  be r a i s e d  d e a l s  wi th  
the  kind o f  t r a i n i n g  n e c e s s a r y  f o r  d e v e l o p e r s  o f  a p p l i c a ­
t i o n s  o r i e n t e d  app ro a c he s .  The author  o f  t h e s e  m a t e r i a l s  
has a dua l  undergraduate  major in mat hemat i c s  and c h e m i s t r y .  
Could the  paradigm o f  c o n s u l t i n g  t e x t s  in t he  a p p l i e d  f i e l d  
and c r o s s - r e f e r e n c i n g  a p p l i c a t i o n s  wi th  ma t he mat i c a l  s k i l l s  
t h a t  might  be u s e f u l  in the  s o l u t i o n  o f  problems  be u t i l i s e d  
by someone w i t h o u t  t h e  a p p r o p r i a t e  dual  t r a i n i n g ?  What 
kinds  o f  t r a i n i n g  are n e c e s s a r y  f o r  the  d e v e l o p e r  o f  a p p l i ­
c a t i o n s  o r i e n t e d  m a t e r i a l s ?
There has  been no at tempt  to  t e s t  r e t e n t i o n  when us i ng  
t h e s e  m a t e r i a l s .  ' Is  t he  a p p l i c a t i o n s - o r i e n t e d  approach a 
v a l i d  one t o  use when t e a c h i n g  for  the  l o n g - t e r m  goa l ?  The 
l i t e r a t u r e  s u g g e s t s  t h a t  in o t he r  f i e l d s  to  e f f e c t  r e t e n t i o n  
i m p l i c i t  r e p e t i t i o n  i s  more e f f e c t i v e  than e x p l i c i t  r e p e t i ­
t i o n .  There i s  a l s o  e v i d e n c e  t h a t  mat hemat i c s  a p p l i e d  o u t -
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s i d e  t he  c la s s r o o m enhances  r e t e n t i o n .  Do t h e s e  p r i n c i p l e s  
g e n e r a l i z e  t o  the  mathemat i cs  c o u r s e  t h a t  i n c l u d e s  a s t r ong  
n o n - c o n t r i v e d  a p p l i c a t i o n s  component w i t h i n  the  course?
There has  been l i t t l e  or no c a l c u l a t o r  i n s t r u c t i o n ,  per  
s e ; but  s t u d e n t s  were encouraged to use t he  c a l c u l a t o r .  By 
us ing  a c a l c u l a t o r  throughout  t h e  c ou r s e  do s t u d e n t s  become  
more p r o f i c i e n t  in i t s  use? I t  seems t h a t  s t u d e n t s  became a 
b i t  b e t t e r  in e s t i m a t i n g  r e s u l t s .  Why? Does the  i n c l u s i o n  
o f  n o n - c o n t r i v e d , i n h e r e n t l y  messy d a ta  have  an i n f l u e n c e  on 
s t u d e n t s  a b i l i t i e s  to  perform e s t i m a t i o n ?
The s t u d e n t s  i n c lu de d  in t h i s  s tu d y  were b i o l o g y  majors  
who were req u i red  to take  c h e m i s t r y  as  a p r e r e q u i s i t e  to  
major c o u r s e s .  Through t he  mat hemat i c s  f o r  c h e m i s t r y  mater ­
i a l s  t h e  q u e s t i o n  o f  "What good i s  t h i s  mathemat ics?" was 
a dd r e s se d .  The answer to  t h i s  q u e s t i o n  provided by the  
mathemat ics  f or  c h e m i s t r y  curr icul um may m o t i v a t e  s t u d e n t s ,  
but more d e f i n i t i v e  e v i d e n c e  o f  m o t i v a t i o n  through the  use  
o f  an i n t e r e s t  t e s t  or use o f  m o t i v a t i o n a l  q u e s t i o n n a i r e s  
may g i v e  us a d d i t i o n a l  i n s i g h t  i n t o  the  e f f i c a c y  o f  a non­
c o n t r i v e d  a p p l i c a t i o n s  approach f o r  s t u d e n t s  who may v i ew  
the  a p p l i c a t i o n s  as  n o n - i n t e r e s t i n g .
Future  i m p l e me n t a t i o n s  o f  the  s e q u e n t i a l  t e s t i n g  e v a l u ­
a t i o n  scheme employed in t h i s  d e s i g n  might  i n c o r p o r a t e  a 
formal  h i e r a r c h i c a l  o r d e r i n g  o f  c o n c e p t s  (Gagne,  1970) or 





1956) .  By t h e  t e s t i n g  o f  i n d i v i d u a l  i t e m s ,  r e s e a r c h  ques ­
t i o n s  r e g a r d i n g  a p o s s i b l e  change o f  c o g n i t i v e  l e v e l  o f  some 
i t ems  wi th  p r a c t i c e  might  be a d d r e s s e d .
D i s c u s s i o n
The c urr i cu l um p r i n c i p l e s  d eve l oped  in Chapter I I I  seem 
t o  be u s e f u l  g u i d i ng  p r i n c i p l e s  f o r  d e v e l o p i n g  a p p l i c a t i o n s -  
o r i e n t e d  mat hemat i c s  m a t e r i a l s  t h a t  are s t r o n g l y  a s s o c i a t e d  
with another  c o u r s e .  As i n d i c a t e d  in Chapter V, Micro P r in ­
c i p l e  I I -A should be s t r e n g t he n ed  to r e q u i r e  t h a t  s t u d e n t s  
encounter  a p l i c a t i o n s  in t he  mat hemat i c s  c o u r se  s i m u l t a n e ­
o u s l y  wi t h  t h e i r  i n t r o d u c t i o n  i n t o  t he  c h e m i s t r y  c o u r s e .  
Adherence t o  t h i s  p r i n c i p l e  i s  p a r t i c u l a r l y  i mport ant  f o r  
c o n c ep t s  t h a t  are t r a d i t i o n a l l y  d i f f i c u l t  f o r  s t u d e n t s  in  
c he m i s t r y .  I t  seems c l e a r  t h a t  Micro P r i n c i p l e  I I - B  t h a t  
r e q u i r e s  t he  mat hemat i c s  c o n c e p t s  to  be sequenced accordi ng  
to  l o g i c a l  p r e r e q u i s i t e s  must s t i l l  take  pr ece de nc e  over  
Micro P r i n c i p l e  I I - A .  However,  a l l  p o s s i b l e  a l t e r n a t i v e s  to  
v i o l a t i n g  Micro P r i n c i p l e  I I -A shoul d  be  e x p l o r e d  and i f  i n ­
t r o d u c t i o n  o f  an a p p l i c a t i o n  i n t o  the  mat hemat i c s  c o u r se  
pr ece de s  t he  i n t r o d u c t i o n  o f  t h a t  c o n c ep t  in the  c h e m i s t r y  
course  by over  a month the  curr i cu l um d e v e l o p e r  should c on­
s i d e r  dropping t h a t  a p p l i c a t i o n  from c o n s i d e r a t i o n .
Although not  s t a t e d  in Chapter I I I ,  Micro P r i n c i p l e  II -A r e ­
q u i r i n g  s i m u l t a n e o u s  c o v e r a g e  o f  an a p p l i c a t i o n  in both the  
mathemat ics  and c h e m i s t r y  c o u r s e s  probabl y  should take pre ­
cedence  over  Micro P r i n c i p l e  II-C t h a t  s u g g e s t s  t h a t  a p p l i -
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c a t i o n s  i n c o r p o r a t i n g  s p e c i f i c  mathemat ics  s k i l l s  be pre­
sented in c o n j u n c t i o n  wi th t h o s e  mathemat ics  s k i l l s .  This  
l a s t  c o n c l u s i o n  i s  p r es e nt ed  more as  a h y p o t h e s i s  for  t e s t ­
ing s i n c e  t he  p r e s e n t  m a t e r i a l s  have not  taken t ha t  s p i r a l  
approach.
The method o f  u t i l i z i n g  a s y s t e m a t i c  paradigm to formu­
l a t e  n o n - c o n t r i v e d  a p p l i c a t i o n s  has  been u t i l i t a r i a n .  By 
going to  t he  a p p l i c a t i o n s  d i s c i p l i n e  and c o n s i d e r i n g  p o s s i ­
b l e  s o l u t i o n s  to  problems and then c r o s s - r e f e r e n c i n g  t h e s e  
problems wi th  the  mathemat ics  s k i l l s  needed to s o l v e  the  
problem the  author has insured the  i n c l u s i o n  o f  non­
c o n t r i v e d  a p p l i c a t i o n s .  This  system might  be cons i dred  by 
o t h e r s  who wish to  d e ve l op  n o n - c o n t r i v e d  a p p l i c a t i o n s  to  
m a t he ma t i c s .
General  c h e mi s tr y  seems to prov i de  an u n us u a l l y  f e r t i l e  
s u b j e c t  area t o  garner  a p p l i c a t i o n s  to  i n t e r m e d i a t e  c o l l e g e  
a l g e b r a .  Near ly  e ve r y  mathemat ics  t o p i c  normal l y  inc l uded  
in i n t e r m e d i a t e  a l g e br a  has been used as a t o o l  to s o l v e  
some g e n e r a l  c h e m i s t r y  problem.  Conv er se ly ,  t h e r e  are few 
g e nera l  c h e mi s tr y  problems t h a t  r e q u i r e  the  use o f  mathema­
t i c a l  t e c h n i q u e s  o u t s i d e  t he  realm o f  c o l l e g e  i n t e r m e d i a t e  
a l g e br a .  These o b s e r v a t i o n s  are o b v i o u s l y  accompanied by 
the c o - q u e s t i o n  o f  "What a p p l i c a t i o n s  a reas  are b e s t  s u i t e d  
to  i l l u s t r a t e  v a r i o u s  mathemat i cs  course s ?"  T r a d i t i o n a l l y ,  
p h y s i c s  has been a f e r t i l e  ground for  a p p l i c a t i o n s  o f  c a l -
c u i u s .  What o th er  s u b j e c t  mat ter  a r e a s  have s trong  
mathemat ical  problem s o l v i n g  components? Which mathemat ics  
c our se s  should be coupled wi th t h e s e  a p p l i c a t i o n s ?
The l i t e r a t u r e  s u g g e s t s  t h a t  t h e  pop ul a t i on  who have  
been p r e v i o u s l y  exposed to mathemat i ca l  c on c ep t s  and not  
l earned them are p a r t i c u l a r l y  r e s i s t i v e  to  e f f e c t i v e  remedi ­
a t i o n .  The s i g n i f i c a n t  i n c r e a s e  in mathemat ica l  s k i l l  com­
petency  and c he mi s tr y  problem s o l v i n g  a b i l i t i e s  by s t u d e n t s  
who had p r e v i o u s l y  been exposed to  Algebra 2 i n d i c a t e s  t h a t  
the mathemat ics  for  c he mi s tr y  c ou r s e  may be an e f f e c t i v e  
means o f  r em ed i a t i ng  d e f i c i e n c i e s  o f  some s t u d e n t s  p r e v i o u s ­
l y  exposed to  a l g e b r a .  I n t r o d u c t i o n  to  a d i f f e r e n t  approach 
to  mathemat ics  through problem s o l v i n g  in n o n - co n t r iv e d  s e t ­
t i n g s  seems t o  be a r e l a t i v e l y  e f f e c t i v e  means o f  r e t e a c h i n g  
mathematics  s k i l l s  and problem s o l v i n g  t e c h n i q u e s  t h a t  were 
not l earn ed  in the  t r a d i t i o n a l  a lgebra  c o u r s e .  On t h e  o ther  
hand,  the  i n c l u s i o n  o f  an i n t e n s i v e  problem s o l v i n g  compo­
nent  for  the  s t u d e n t  not  p r e v i o u s l y  exposed to a l gebra  seems  
to  s e v e r e l y  confound the  c o m p l e x i t i e s  o f  s imple  a l g e b r a .
The ad a pt a t i o n  o f  E p s t e i n ' s  s e q u e n t i a l  t e s t i n g  scheme 
t h a t  has been used to e v a l u a t e  d i s t i n c t  c on c ep t s  wi t h i n  the  
course  p r o v i d e s  the  kind o f  d e t a i l e d  in f ormat ion  t h a t  c u r r i ­
culum d e v e l o p e r s  need to  r e v i s e  f i r s t - g e n e r a t i o n  m a t e r i a l s .  
In c o n t r a s t  to  the  customary c o n c l u s i o n s  r egar di n g  the  t o t a l  
worth [ o f t e n  no s i g n i f i c a n t  d i f f e r e n c e s  are observed (Walker
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& S c h a f f a r z i c k ,  1974) ]  o f  a curr i cul um e f f o r t ,  the  sequen­
t i a l  t e s t i n g  scheme p o i n t s  to  i t ems  or c o n c ep t s  t h a t  need to 
be r e v i s e d .  The a d a p ta t i o n  made for  t h i s  s t udy  a l l o w s  ma­
t e r i a l s  to  be e v a l u a t e d  from c las sroom t r i a l s  as  opposed to  
the c l i n i c a l  s e t t i n g  impl ied by t h e  o r i g i n a l  s e q u e n t i a l  
t e s t i n g  model .  T e s t i n g  wi t h i n  the  c las sroom should prov ide  
data t h a t  i s  more g e n e r a l i z a b l e  to  p r a c t i c e  than c l i n i c a l  
data and has the  added advantage o f  be ing  more c o s t -  
e f f e c t i v e .  The e v a l u a t i o n  o f  d i s t i n c t  c o n c ep t s  t e l l s  the  
curriculum d e v e l op e r  which s e c t i o n s  o f  the  t e x t  need to  be 
r e v i s e d .  The curr i cul um d e v e l op e r  must then use h i s  pro­
f e s s i o n a l  judgment t o  o b t a i n  the  ne xt  approximat ion o f  h igh  
q u a l i t y  i n s t r u c t i o n .  A thorough knowledge o f  the  s u b j e c t  
matter and a c a r e f u l  perus a l  o f  t he  qu iz  a n a l y s e s  f o r  p o s s i ­
b l e  i n t e r - r e l a t i o n s h i p s  between c o n c e p t s  can he lp  t o  gu i de  
the w r i t e r  in h i s  r e v i s i o n  t a s k .
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APPENDIX 1
INTERMEDIATE COLLEGE ALGEBRA WITH CHEMISTRY
TEXTBOOK
The t o p i c s  i nc lu de d in the  242-page  t e x t b o o k  used in 
the mathemat ics  f o r  c he mi s t r y  course  may be a s c e r t a i n e d  from 
a perusa l  o f  a pp en di c es  2 and 3.  Many o f  the  q u e s t i o n s  i n ­
cluded in the  q u i z z e s  (Appendix 3) are taken verbat im from 
problem s e t s  in the  t e x t b o o k .  A copy o f  the  t e x t b o o k  may be 
obtained from Enid Burrows,  Department o f  Mathematics ,  
Plymouth S t a t e  C o l l e g e ,  Plymouth,  NH 03264.
«APPENDIX 2
ANALYSES OF INDIVIDUAL SECTIONS OF THE TEXTBOOK
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T A B L E  2 1  
C H A P T E R  1 —  R EA L  N UMB E RS
PREQUIZ 
September 13,  1977
FORM A 
Mathemat i cal  S k i l l  
September 20 ,  1977
FORM B 
September 20 ,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
Sum o f  two 
numbers wi th  







Sum o f  two ■ 
numbers wi th  
u n l i k e  s i g n s








S u b t r a c t i o n  







( 2 8 )
8 ,  11 REJECT
(17)
None
S u b t r a c t i o n  o f  
s ig n e d  numbers 




Ad d i t i o n  and 
sub t rac  t i o n  
o f  d e c i m a l s





( 2 0 )
3,  5 NO DECISION 




TABLE 21 -  Cont inued
CONCEPT PREQUIZ FORM A FORM B .
A d d i t i v e  i n v e r s e s  
o f  r e a l  numbers
None None 3 ACCEPT
( 5 )
M u l t i p l i c  a t i o n  
o f  numbers wi th  
l i k e  s i g n s
1 i  i 1J PREVIOUSLY 
LEARNED 
(11 )
13,  21 ACCEPT
( 7 )
None
M u l t i p l i c a t i o n  
o f  numbers wi th  









M u l t i p l i c a t i o n  
o f  d e c i m a l s
1h,  1j DEFICIENT
( 29 )





( 0 ) a = a ( 0)  = 0 None 20 NO DECISION 
( 17 )
None
0 / a  = C 1k NO DECISION 
(35 )
None None
D i v i s i o n  by 






M u l t i p l i c a t i v e  
i n v e r s e s  o f  non­
zero  r e a l s
None None 3 REJECT
( 16 )
TABLE 21 -  Cont inued
CONCEPT PREQUIZ FORM A FORM B





H i e r a r c h i c  al  
order  o f  
o p e r a t i o n s
None 17,  18 ACCEPT




None 4,  9,





Zero i s  n e i t h e r  
p o s i t i v e  nor  
ne-g a t i v  e
None None 1 ACCEPT
( 8 )
Recogni  ze 
i n t e g e r s
None None 1 REJECT
( 14)
Recogn i ze  
n o n - i n t e g e r  
n a t i o n a l s
None None 1 ACCEPT
( 8 )
I n t e g e r s  are
r a t i o n a l
numbers
None None 1 ACCEPT
( 11)
D i s t i n g u i s h  b e ­
tween r a t i o n a l s  






TABLE 21 -  Cont inued
CONCEPT PREQUIZ FORM A FORM B
Ordering  
p o s i t i v e  
n e g a t i v e
o f
and
i n t e g e r s







r a t i o n a l
numbers





Order i r r a t i o n ­
a l s  on number 
l i n e
None None 2 NO DECISION 




T A B L E  2 2
C HA P T E R  2  —  A P P R O X I M A T E  NUMBERS
i
PREQUIZ 
September 15,  1977
FORM A 
Mathemat ical  S k i l l  
September 22,  1977
FORM B 
Chemis try  A p p l i c a t i o n s  
September 22 ,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
D i s t i n g u i s h  b e ­





1 NO DECISION 
( 1 7 )
None
Determine  which  
d i g i t s  are  




Round x when 
0 < x < 0.  1





Round x when 
l a s t  d i g i t  i s  
9 which must  
be rounded up
2e NO DECISION 




Round a l l  
o t h e r  p o s i t i v e  
d e c i m a l s
2 a ,  2b NO DECISION 
( 35 )








TABLE 22 -  Cont inued  
CONCEPT PREQUIZ FORM A . FORM B
M u l t i p i i c a t i o n  
o f  approximate  
numbers




1,  2 NO DECISION 
( 1 8 )








Combined op e ra ­
t i o n s  wi th  
approx imate  








Changing p e r c e n t s  
t o  d e c i m a l s  f o r  
1? < x? < 100?
None 4 a , 4 e , 
4 f
ACCEPT




Changing d e c i m a l s  
t o  p e r c e n t s  f or  
0 . 01  < x < 1





Convers ion o f  
d e c i m a l s  and 
p e r c e n t s  f o r  
above v a l u e s
None. None
( P r i o r )
2 ,  3 ACCEPT
( 5 )
Convers ion o f  
d e c i m a l s  f o r  
v a l u e s  o u t s i d e  
above range







TABLE 22 -  Cont inued  
PREQUIZ FORM A FORM B
General  
per f ormance—  
v erb a l  problem
None None 1 ACCEPT
(11)
G e r. e ra !  
performance—  
ve rb a l  problem
None None 2 ACCEPT
( 8 )
Genera l  
p e r f o r m a n c e -  
v er b a l  problem
None None 3 NO DECISION 
( 1 9 )  *
Write r e l e v a n t  
formula
‘ None None 1, 2,  3 NO DECISION 
( 1 8 )
I s o l a t e  unknown 
in  formula us ing  
m u l t i p l i c a t i o n  
or d i v i s i o n
None None 1 REJECT
( 1 4 )
Sub s t i t u t i o n  
i n t o  formula
None None 1, 2 ACCEPT
(14)
T a b u l a t e s  dat a None None 3 REJECT
(10)
Whole e q u a l s  
sum o f  p a r t s
None None 3 NO DECISION 
( 19 )
P e r c e n t a g e s  do 
n o t  a lways  add
None None 3 ACCEPT h 
( 5)  o
TABLE 23
CHAPTER 3 ( i ) FRACTIONS AND UNIT CONVERSIONS
PREQUIZ 
September 20 ,  1977
FORM A 
Mathemat ical  S k i l l  
September 2 7 ,  1977
FORM B 
Chemistry A p p l i c a t i o n s  
September 2 7 ,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
Reduce f r a c t i o n s  
t o  l o w e s t  t e r m s - -  
numbers o n l y
1a , 1b NO DECISION 
( 35 )
1a ,  1b,  
1 c
ACCEPT
( 1 1 )
None
Reduce f r a c t i o n s  
t o  l o w e s t  t e r m s - -  
numbers and 
l i t e r a l s
' 1 c ,  1d NO DECISION 
( 3 5 )
1 d NO DECISION 
( 16 )
None
M u l t i p l i c a t i o n  o f  
f r a c t i o n s - -  
numbers o n l y
2 a ,  3 PREVIOUSLY
LEARNED
(34)
2 a ,  2b ACCEPT
( 7)
1 , 2  NO DECISION 
( 13 )
M u l t i p l i c a t i o n  o f  
f r a c t i o n s - -  
numbers and 
l i t e r a l s
None 2e NO DECISION 
(16 )
None
D i v i s i o n  o f  
f r a c t i o n s - -  
num'oers o n l y
2b DEFICIENT
( 11)







TABLE 23 -  Cont inued
CONCEPT PREQUIZ FORM A FORM B
D i v i s i o n  o f  
f r a c t i o n s —  
numbers and 
l i t e r a l s
2 c ,  2d DEFICIENT
( 35 )
2 f  NO DECISION
( 16 )
None
S i n g l e  c o n v e r ­
s i o n s  w i t h i n  
the SI system
None 3 NO DECISION
( 15)
None
S i n g l e  c o n ve r ­
s i o n s  between  
E n g l i s h  and 




Next  2 
Concepts
Conver t  





( 1 1 )
Co n v er t  
l b  < — > g 







M u l t i p l e  u n i t  
c o n v e r s i o n s
3 c ,  3d DEFICIENT
( 6 )
None 1b,  1c,
1 d
REJECT
( 1 4 )
Convers ion o f  








TABLE 23 -  Cont inued  
CONCEPT PREQUIZ FORM A FORM B
Use o f  u n i t  
f r a c t i o n s  
( d ini en s i o n a l  
a n a l y s i s )
3 DEFICIENT
( 5 )
3 NO DECISION 
(13 )
1, 2 NO DECISION 
( 16 )
S i g n i f  i c a n t  
f  i g u r e  s
3 DEFICIENT
( 5)
None 1, 2 REJECT
( 1 4 )
General
p e r f o r m a n c e - -
ve rb a l  problem
None None 2 REJECT
( 7 )
Uses  u n i t  f r a c ­
t i o n  approach  
f or  e n t i r i t y  o f  
#2 (not  d e n s i t y )
None None 2 REJECT
( 5 )
Uses  d e n s i t y  
t o  c o n v e r t  g Fe 
t o  ml Fe
None None 2 REJECT
( 5 )
V o 1 um e
i . e .  same dimen­
s i o n s  mean same 
volume
None None 2 REJECT
( 5 )
Use d e n s i t y  t o  
c o n v e r t  ml A1 
t c  g A1




CHAPTERS 3(ii) 4(i) -- UNIT CONVERSIONS
PREQUIZ 




2 9 ,  1977
FORM B 
Chemistry A p p l i c a t i o n s  
September 29 ,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
S i g n i f i c a n t  
d i g i t s
1 DEFICIENT
(6)
None 1, 2,  3 NO DECISION 
( 14 )  -
Area and
volume
c o n v e r s i o n s
None 
' See 3 ( i )  
Prequi  z
1 a , 1c REJECT
( 9 )
None
Rate c o n v e r s i o n s None
See 3 ( i ) 
Pr e qu i z
1a,  1b REJECT
(16)
None
( Atmospheric)  
Pres s ure  
cor.v er s i o n  s
None 1 d REJECT
(5)
None
Atomic we ight  
o f  compound 
( a r i t h m e t i c  




TABLE 24 Cont inued
COMCEPT PHEQUIZ FORM A FORM B
Convert  between  
grams and moles  





3 NO DECISION 
( 16 )
Convert  between  
grams and mol e s  
for  a compound
1a DEFICIENT
(5)
1 g NO DECISION 
( 16 )
None
Convert  between  
pounds and mol e s  





Uni t  f r a c t i o n s  
( d i men s i on a l  
a n a l y s i s )
' 1 DEFICIENT
( 5 )
1 NO DECISION 
( 16 )
None
M u l t i p l i c a t i o n  
and p o s i t i v e  
pov.'ers o f  
f  r a c t i o n  s
None 1 NO DECISION 
(12 )
None
M o l a r i t y  o f  
s o l u t i o n - -  
use d e f i n i t i o n






per f orman ce - -
v e r b a l  problem
None None 1 REJECT
(8)
vfcwU1
TABLE 24 -  Cont inued
CONCEPT PREQUIZ FORM A FORM B
Tabul ate
data
None None 1 REJECT
(16)
General
per formance—  . 
v erb a l  problem
None None 2 NO DECISION 
( 16 )
General
per formance - -
v e r b a l  problem





CHAPTER 4(ii) -- UNIT CONVERSIONS
See
PREQUIZ 
p r e v i o u s  qu i z
FORM A 
Mathemat ical  S k i l l  
October 4 ,  1977
FORM B 
Chemistry A p p l i c a t i o n s  
October 4 ,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
Unit  f r a c t i o n s  
( Dimens ional  
a n a l y s i s )




Convert  between  
gr ams and mol e s
' None 2,  3 REJECT
(12)


















t h e o r e t i c a l  y i e l d  




TABLE 25 -  Cont inued  
CONCEPT PREQUIZ FORM A FORM B
Tabul ate  dat a None None A l l REJECT
( 7 )
Can assume  
an a r b i t r a r y  
sample s i z e
None None A l l REJECT
(10)
Write formula  
f o r  m o l a r i t y
None None A l l REJECT
(8 )
Write formula  
f o r  m o l a l i t y
None None A l l REJECT
( 7 )
Compute m o l a r i t y None None A l l REJECT
(5)




CHAPTER 5 ( i )  - -  INTEGERAL EXPONENTS AND SCIENTIFIC NOTATION
PREQUIZ 
September 27 ,  1977
FORM A 
Mathemat i cal  S k i l l  
October  6 ,  1977
FORM B 
Chemistry A p p l i c a t i o n s  
October  6,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
/a\n = an 
(b) bn
None 1 ACCEPT 
(11 )
None
(ab)n = anbn None 9 NO DECISION 
(15 )
None




10 NO DECISION 
(15 )
None
anam = a n4m None 14 ACCEPT
(7 )
None








D e f i n i t i o n  o f




2 ,  5,






TABLE 26 -  Cont inued  
CONCEPT PREQUIZ FORM A FORM B
D e f i n i t i o n  o f  
zero  exponent





H i e r a r c h i c a l  
o r d e r i n g  o f  
ex c o n e n t i a t i o n
1b,  1c DEFICIENT
(5)
7 NO DECISION 
(15 )
None
N e g a t i v e  
ex p o ne nt s  in 
f r a c t i o n  
denominators
None 6 NO DECISION 
(15 )
None
Convert  numbers  
l a r g e r  than 10 
to  s c i e n t i f i c  




None 1 a , 1b ACCEPT
( 5 )
Convert  numbers  
s m a l l e r  than 1 
t o  s c i e n t i f i c  
n o t a t i o n
None 
( See  
below)
None 1c ,  1d ACCEPT
( 5 )
Ex p o n e n t i a l  




R e l a t i v e  a c c u ra ­
c y  u s i ng  t r a i l ­
ing z e r o s  wi th  
s c i  . n o t a t i o n




TABLE 26 -  Cont inued  
PREQUIZ FORM A FORM B
Squaring  num­ 3b DEFICIENT None
be r s  e x p r es s e d ( 5 )
in s c i e n t i f i c
n o t a t  ion
Adding num­ 3a ,  3c DEFICIENT None
b e r s  e x p r e s s e d ( 5 ) [ See  Chp
in s c i e n t i f i c 5 ( i i ) ]
n o t a t i o n
General None None
per f orman ce - -





( 1 1 )
" " "  WS&S!SBBSSSS^(^tX^^~
TABLE 27
CHAPTER 5(ii) —  INTEGRAL EXPONENTS AND SCIENTIFIC NOTATION
PREQUIZ 
September 29 ,  1977
FORM A 
Mathemat i cal  S k i l l  
October  11,  1977
FORM B 
Chemis try  A p p l i c a t i o n s  
October  11,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
D e f i n i t i o n  o f  
neg a t i v  e 
ex ponents
None 
[See  Chp 
5 ( i )  1
1 a , 1b ACCEPT
(11)
None








—  = an-ra 
am
None
[See  Chp 
5 ( i )  ]
1c ,  1d NO DECISION 
( 13 )
None
(an f  = a m None
[ See  Chp 
5 ( 1 ) 1
1c ,  1d NO DECISION 
(16)
None
Ex p o n e n t i a l  
n o t a t i o n
None
[See  Chp 
5 ( i )  ]
2 NO DECISION 
( 1 6 )
None
152
TABLE 27 -  Cont inued  
CONCEPT PREQUIZ FORM A FORM B
I n e q u a l i t i e s  ( s c i ­
e n t i f i c  n o t a t i o n )  
p o s i t i v e  numbers,  







I n e q u a l i t i e s  ( s c i ­
e n t i f i c  n o t a t i o n )  
p o s i t i v e  numbers,  







I n e q u a l i t i e s  ( s c i ­
e n t i f i c  n o t a t i o n )  
p o s i t i v e  numbers,  





I n e q u a l i t i e s  ( s c i ­
e n t i f i c  n o t a t i o n )  
n e g a t i v e  numbers,  
p o s i t i v e  e xp o n e nt s
1f DEFICIENT




I n e q u a l i t i e s  ( s c i ­
e n t i f i c  n o t a t i o n )  
n e g a t i v e  numbers,  






P o s i t i v e  numbers  
are  l a r g e r  than 
n e g a t i v e  numbers  
( s c i .  n o t a t i o n )
1h DEFICIENT
(25)
3e NO DECISION 
(16 )
None
TABLE 27 -  Cont inued  
CONCEPT PREQUIZ FORM A FORM B
Squar ing numbers  
w r i t t e n  i n  
s c i e n t i  f i c  
n o t a t i o n
None 
[See  Chp 
5 ( i )  1
4a NO DECISION 
( 16 )
None
M u l t i p l i c a t i o n  
and d i v i s i o n  
with s c i e n t i f i c  




Ad d i t i o n  o f  
numbers in 
s c i e n t i  f i c  
n o t a t i o n
None
[ See  Chp 





A d d i t i o n  when 
e a s i l y  changed  
to  s tandard  






A t o  cm
None None 1b NO DECISION 
( 1 3 )
Convert
atoms to  grams  
for  an e l emen t
None None 1c NO DECISION 
( 13 )
Convert  grams 
t o  m o l e c u l e s /Vf o r  
a compound
None None 1a REJECT 
( 1 3 )  i—•
Ul£»
CONCEPT PREQUIZ
TABLE 27 -  Cont inued  
FORM A FORM B
Convert  grams t o None None
m o l e c u l e s  f o r  a
compound ( v e r b a l
problem)
Convert  pounds None None
t o  atoms for









C HA P T E R  6 ( i )  - -  L I N E A R  E Q U A T I O N S
PREQUIZ 
October 4,  1977 
October  6,  1977D
FORM A 
Mathemat i cal  S k i l l  
October 13,  1977
FORM B 
Chemistry A p p l i c a t i o n s  
October  13,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
Combine l i k e
t e r m s - - i n t e g e r
c o e f f i c i e n t s





Combine l i k e
t e r m s - - r e a l
c o e f f i c i e n t s
None 1b, 1c ACCEPT
( 11)
None
Remove grouping  
symbol preceeded  
by minus s i g n
3 DEFICIENT
( 13)
1 d NO DECISION 
( 14)
None
Remove grouping  
symbol preceeded  




Remove grouping  
symbol preceeded  
by numerica l  








TABLE 28 -  Cont inued  
CONCEPT PREQUIZ FORM A FORM B
Remove grouping  
symbol preceeded  
by l i t e r a l  
c o e f f i c i e n t
4,  5 DEFICIENT
( 13)
1f NO DECISION 
( 14)
None
M u l t i p l e
grouping
symbols
3,  5 DEFICIENT
( 6 )
1d, 1f NO DECISION 
( 14)
None
S o l v e  l i n e a r  
e qu a t i o n  us ing  
add i t  ion






S o l v e  l i n e a r  
e qu a t i o n  us ing  







S o l v e  l i n e a r  
e q u a t i o n s ,  com­
bined o p e r a t i o n s ,  
i n t e g e r a l  c o e f f .
None 2 c , 2d NO DECISION 
( 14)
1a,  1b ACCEPT
(8 )
S o l v e  l i n e a r  
e q u a t i o n s  wi th  
r e a l  c o e f f i c i e n t s




S o l v e  l i n e a r  
e q ua t i o n  wi th  
f r a c t i o n  s
4D DEFICIENT
(9 )




TABLE 28 -  Cont inued  
FORM A FORM B
S o l v e  l i n e a r  
e q u a t i o n s  wi th  
l i t e r a l  
c o e f f i c i e n t s
5 ,  6D DEFICIENT
(5 )
None 
[ See  Chp 
6 ( i i ) ]
None
Sum o f  o x i d a ­
t i o n  s t a t e s  i s  
zero  for  a 
compound
None None 1a NO DECISION 
( 13)
Sum o f  o x i d a ­
t i o n  s t a t e s  
e q u a l s  cha r ge  on 
ion or r a d i c a l
None None 1b NO DECISION 
( 15)
S u b s t i t u t e  o x i d a ­
t i o n  s t a t e  for  
oxygen and 1A 
m e t a l s
None None 1 a , 1b NO DECISION 
( 15)
General  
per formance—  
mixt ure  problem
None None 2 REJECT
( 8 )
T a bu l a t e  dat a None None 2 REJECT
( 5)
S e t  up l i n e a r  
e q u a t i o n
A





CHAPTER 6(ii) —  LINEAR EQUATIONS
PREQUIZ 
October 11,  1977
FORM A 
Mathemat i cal  S k i l l  
October  18,  1977
FORM B 
Chemis try  A p p l i c a t i o n s  
October  18,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
S o l v e  l i n e a r  
e q u a t i o n  for  one  
o f  two l i t e r a l s  
presen t
None
[ See  Chp 
6 C i )  3




S o l v e  e q ua t i o n  
w i t h  s e v e r a l  l i t ­
e r a l s  u s i n g  





1, 2,  3 REJECT
( 11)
S o l v e  by l i n e a r  
methods when 





S o l v e  by l i n e a r  
methods  when 







TABLE 29 Cont inued
CONCEPT PREQUIZ FORM BFORM A
General  
per formance-. -  
ccmoined gas  
lav;
None None 1 REJECT
( 14)
General  
per formance - -  
Ide'al  gas  
law
None None 2 REJECT
( 11)
General  
per f o r ma n ce - -  
c e n s i t y  from 






p r i a t e  formula
1 DEFICIENT 
(21 )
None 1,  2,  3 ACCEPT
(11)
S u b s t i t u t i o n  o f  




None 1,  2,  3 REJECT
( 1 1 )
T h e o r e t i c  al  




Uni t  c o n v e r s i o n s 1 DEFICIENT
( 8 )




TABLE 29 -  Cont inued  
FORM A FORM B
S i g n i f i c a n t  
d i g i t s
None None 1 , 2 , 3  NO DECISION 
(15 )
M<TiM
^  ^  ~ .-•.—   ™..,>— ....
T A B L E  3 0
C H A P T E R  6 ( i i i )  - -  L I N E A R  I N E Q U A L I T I E S
PREQUIZ 
October  13,  1977
FORM A 
Mathemat i cal  S k i l l  
October  20 ,  1977
FORM B 
Chemis try  A p p l i c a t i o n s  
October  20 ,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
S o l v e  l i n e a r  
i n e q u a l i t y  by 
a d d i t i o n





S o l v e  l i n e a r  i n ­
e q u a l i t y  by add-  
t i o n  and ( p o s i ­
t i v e  v a l u e )  mul t .
' 2 DEFICIENT
( 15)
2 NO DECISION 
( 1 5 )
None
D i v i s i o n  by nega ­
t i v e  v a l u e  r e v e r ­
s e s  s e n s e  o f  
i n e q u a l i t y
3 ,  ^ DEFICIENT
(6)
3,  ^ NO DECISION 
( 15 )
None
M u l t i p l e  
i n e q u a l i t i e s  
( i n t e r v a l )
5 ,  6 DEFICIENT
( 11)
Zl NO DECISION 
( 15 )
None
Graphing i n e q u a l ­
i t i e s  on number 
l i n e








TABLE 30 -  Cont inued  
FORM A FORM B
General  
per f orman ce - -  
chemica l  
e q u i l i b r  ium
Set  up some 
t a b l e
S u i t a b l e  column 
h e a d i n g s  in  
t a b l  e
T a b l e — c o r r e c t
i n i t i a l
c o n d i t i o n s
T a b l e - c o r r e c t  
t erms  in  column 
"Change"
T a b l e - l i t e r a l  
term at  e q u i l i ­
brium
S o l v e  s i m u l t a n e ­
ous  i n e q u a l i t i e s
S u b s t i t u t e  i n t e r ­
v a l  to  g e t  range  


























T A B L E  31
CHAPTER 7 ( i ) GRAPHS
PREQUIZ 
October  18,  1977
FORM A 
Mathemat i cal  S k i l l  
October 2 5 ,  1977
FORM B 
Chemistry A p p l i c a t i o n s  
October  25 ,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
S e t  up r e c t a n g u ­
l a r  c o o r d i n a t e  
system us ing  con­
s i s t e n t  s p ac i ng
A l l NO DECISION 
( 27 )
A l l NO DECISION 
(15 )
2 ACCEPT 
( 8 )  .
L a b e l s  a xe s  to  
i n d i c a t e  s c a l e
A l l DEFICIENT
( 5)




L a b e l s  a x e s  to  
i n d i c a t e  t he  
v a r i a b l e  p l o t t e d  
on each a x i s
None None 2 ACCEPT
( 5 )
Given c o o r d i n a t e s  
(or t a b l e  o f  v a l ­
ues )  p l o t  p o i n t  








Can read dat a  
from graph






TABLE 31  -  C o n t i n u e d
PREQUIZ FORM A FORM B
Can make g e n e r a l  
i n f e r e n c e s  from 
graph
Given eq u a t i on ,  
s e t  up t a b l e  o f  
( x , y )  p a i r s  f o r  
p o s i t i v e  x
Given e q ua t i o n  
s e t  up t a b l e  o f  
( x , y )  p a i r s  f o r  
n e g a t i v e  x
I n d i c a t e  domain 
o f  y = x
x + 1
y = Graphx + 1 
does  n o t  c r o s s  
l i n e ,  x = -1
\ r  —  v
'  ‘  F - T T  P l o t
p o i n t s  in n e i g h ­
borhood o f  x = -1





























1 There i s  some i n d i c a t i o n  t h a t  s t u d e n t s  had too  l i t t l e  t i m e  t o  c o mp l e t e  t h i s  q u i z .
165
CONCEPT PREQUIZ
TABLE 31 -  Cont inued  
FORM A FORM B
Domain o f  






CHAPTER 7 ( i i )  —  GRAPHING LINEAR EQUATIONS
PREQUIZ 
October  20 ,  1977
FORM A 
Mathemat i cal  S k i l l  
October  27 ,  1977
FORM B 
Chemistry A p p l i c a t i o n s  
October  27 ,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
P l o t  ordered  
p a i r s  o n t o  r e c ­
t a n g u l a r  c o o r d i ­
na t e  system
None
[ See  Chp 
7 ( i )  ]
None 1a ACCEPT 
(5 )
Read dat a  
from graph
None None 1b ACCEPT 
( 5 )
Label  axes  to  
i n d i c a t e  s c a l e
None
[ See  Chp 
7 ( i )  1
None
[ See  Chp 
7 ( i )  ]
1 NO DECISION 
(1*0
Label  axes  to  
i n d i c a t e  v a r i a b l e  
p l o t t e d  on each  
a x i s
None None 1 ACCEPT 
(11)
For y = mx + b 
m a n o n- zer o  
i n t e g e r ,  b /  0 










For y = mx + b 
m a n o n - z er o  
i n t e g e r  , b ■£ 0 
f in d  y - i n t e r c e p t
Graph y = mx + b 
m a n o n -z er o  
i n t e g e r ,  b i  0
H o r i z o n t a l  l i n e -  
f i n d  s l o p e
H o r i z o n t a l  l i n e -  
f i n d  y - i n t e r c e p t
Graph h o r i z o n t a l  
l i n e
S l o p e  i s  unde­
f i ne d  for  a 
v e r t i c a l  l i n e
V e r t i c a l  l i n e  
has  no 
y - i n t e r c e p t
Graph a v e r t i c a l  



















1a ,  1e NO DECISION 









( 1 1 )
NO DECISION I None 
( 15 )
NO DECISION i None 
(15)









TABLE 32 -  Cont inued
CONCEPT PREQUIZ FORM A FORM
Graph o b l i q u e  
l i n e  when o f  form 
[Ax + By = C]




[Ax + By = C] to  
s l o p e - i n t e r c e p t  
form
None 1 d NO DECISION 
(15 )
None
Given s l o p e  and 
i n t e r c e p t  w r i t e  
equ a t i on  o f  l i n e
None 1 e ACCEPT
( 15)
None
Find s l o p e  o f  
l i n e  through two 
g i v e n  p o i n t s
2a DEFICIENT




Find e q u a t i o n  o f  
l i n e  throu gh  two 












Graph i n e q u a l i ­
t i e s  on r e c t a n g u ­
l a r  c o o r d i n a t e s
None 3 NO DECISION 






CHAPTER 8 —  RATIO AND PROPORTION
PREQUIZ 
October  25 ,  1977
FORM A 
Mathemat ical  S k i l l  
November 1,  1977
FORM B 
Chemistry A p p l i c a t i o n s  
November 1,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
D e f i n i t i o n  o f
d i r e c t l y
p r o p o r t i o n a l
1 DEFICIENT
( 8 )
2 ,  3,  ^
(Given  
in e x )
ACCEPT
( 1 1 )
1a ACCEPT
( 5)
D e f i n i t i o n  o f
i n v e r s e l y
p r o p o r t i o n a l








S i n g l e  propor­





M u l t i p l e
p r o p o r t i o n a l i t y
s t a t e m e n t s
1 DEFICIENT
( 6)
2 ,  3,  n NO DECISION 
( 15 )
None
Uses  p r o p o r t i o n ­
a l i t y  c o n s t a n t
A l l DEFICIENT
( 5)





TABLE 33 -  Cont inued  
FORM A FORM B
Rewri te  propor­
t i o n a l i t y  s t a t e ­
ment as  o n e - p o i n t  
e qu a t i on
A l l DEFICIENT
( 5 )
4 NO DECISION 
( 1 5 )
1a ACCEPT
( 5 )
Rewr i t e  o n e - p o i n t  
e qu a t i o n  as  
p r o p o r t i o n a l i t y  
s t a t e m e n t
None 1,  3 NO DECISION 
(15 )
None
Rewri te  propor­
t i o n a l i t y  s t a t e ­
ment as  t w o - p o i n t  
equat ion
None 1,  3 REJECT
( 11)
None
Rewri te  t w o - p o i n t  
e q u a t i o n  o f  pro­
p o r t i o n  as  o ne -  
p o i n t  e q u a t i on
None 2 NO DECISION 
( 15 )
None
S o l v e  p r o p o r t i o n ­
a l i t y  e q u a t i o n  
f or  a g i ve n  
var i a b l e
None None 1b REJECT
( 13 )
S u b s t i t u t i o n  and 
c a l c u l a t i o n
None
[ See  Chp 
6 ( i )  ]
None
[ S e e  Chp 




TABLE 33 Cont inued
CONCEPT PREQUIZ FORM A FORM B
Increment  o f  v a r ­
i a b l e  i s  d i f f e r ­
ence between i n i ­
t i a l  and f i n a l  T
None None 1b REJECT
( 7 )
S i n g l e
s u b s c r i p t i n g
1c ,  1d DEFICIENT
( 9 )
None None
M u l t i p l e  






CHAPTER 9 —  SQUARE ROOT AND FACTORING INTEGERS
PREQUIZ 
October 27 ,  1977
FORM A 
Mathemat i cal  S k i l l  
November 3,  1977
FORM B 
Chemistry A p p l i c a t i o n s  
November 3 ,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
Factor  i n t e g e r s  
i n t o  prime  






S i m p l i f y  square  




( 1 1 )
None
Square r o o t  o f  
n e g a t i v e  number 
i s  i magi nary
2b DEFICIENT
(5)
2b NO DECISION 
(13 )
None










[ S ee  Chp 
10 ( i ) ]
None
i *  = -1 3b DEFICIENT( 5 )
None 
[ S ee  Chp 
1 0 ( i )  3
None
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TABLE 34 Cont inued
CONCEPT PREQUIZ FORM A FORM B
Approximate  
square r o o t s  
( Ne wt o n ' s  method)
None 3 NO DECISION 
( 1 3 )
None
Change r a t e  
e q u a t i o n  to  
t ime  e q u a t i o n
None None 1 REJECT
( 7 )
S u b s t i t u t i o n None None 1, 2 NO DECISION 
( 16 )  -
S o l v e  for  
u n k n o w n - - l i n e a r  
methods
None
[ See  Chp 
6 ( i )  ]
None 1, 2 NO DECISION
( 16)
S o l v e  / x  = y 
f o r  x
None None 1 NO DECISION
( 1 6 )
I n t e r p r e t  g e n e r a l  
formula ( S u b s t i ­
t u t e  N~ , ,,2 and He
f or  A and B)
None None 2 NO DECISION
( 1 6 )
A
TABLE 35
CHAPTER 1 0 ( i ) PRODUCT OF POLYNOMIALS
PREQUIZ FORM A FORM B
Mathemat i cal  S k i l l Chemistry A p p l i c a t i o n s
November 1, 1977 November 8 ,  1977 November 8,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
Square o f  
b i n o mi a l  wi th  
i n t e g e r  






Product  o f  two 
b i n o m i a l s  wi th  
i n t e g e r  
c o e f f i c i e n t s
1b,  1c DEFICIENT
( 1 9 )
1, 2,  




Product  (or  
s quar e )  o f  
b i n o m i a l ( s )  wi th  
r e a l  c o e f f i c i e n t s
1 d , 1e DEFICIENT
(11)




Product  o f  binom­
i a l  and t r i n o m i a l
1f DEFICIENT
( 6)
8 NO DECISION 
( 14 )
None
M u l t i p l y  complex  
numbers
None 
[ See  
Chp 9]
9 ,  10 ACCEPT




TABLE 35 - Continued
PREQUIZ FORM A FORM B
i  = -1 None 
[ See  
Chp 9]




per f or ma n ce - -  
chemica l  
e q u i l i b r i u m
None None 1 REJECT
(10)
S e t  up some 
t a b l e
None
[ See  Chp 
. 6 ( i i i )  ]
None 1 NO DECISION 
( 1 1 )
S u i t a b l e  column 
h e a d i n g s  in  t a b l e
None
[ S e e  Chp 
6 ( i i i )  ]
None 1 REJECT
( 8 )
T a b l e - - c o r r e c t  
i n i t i a l
c o n c e n t r a t i o n s
None
[See  Chp 
6 C i i i ) 3
None 1 NO DECISION 
(11 )
T a b l e — c o r r e c t  
t erms  in column 
"Change"
None
[See  Chp 
6 ( i i i )  ]
None 1 REJECT
( 7 )
T a b l e - - l i t e r a l  
term at  
e q u i l i b r i u m
None
[ See  Chp 





CONCEPT PREQUIZ FORM A FORM B
S e t  up e q u a t i o n None None 1 REJECT
f o r  e q u i l i b r i u m ( 7 )
S u b s t i t u t i o n None None 1 REJECT 
( 1 0 )
A l g e b r a i c  manipu­
l a t i o n  to  form 
f ( x )  = 0






CHAPTER 1 0 ( i i ) —  APPR OX IM A TIN G POLYNOMIAL ROOTS
PREQUIZ 
November 3,  1977
FORM A 
Mathemat i cal  S k i l l  
November 10,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME
Rewri te  po lynomi ­
a l  for  c a l c u l a t o r  
ma n ip u l a t i o n  
( ( a x + b ) x+ c ) x + d . . .
1 DEFICIENT
( 5 )
1 NO DECISION 
( 8 )
S e t  up t a b l e  o f  
ordered p a i r s  
and graph  





Number o f  r o o t s  
o f  p o l yn omi a l
None 1 NO DECISION 
( 8 )
Approximate smal l  
p o s i t i v e  r o o t - -  
0 < x < 1
1 DEFICIENT
(5)
1 NO DECISION 
( 8 )
Approximate l a r g e  
p o s i t i v e  r o o t  
x > 1




Chemis try  A p p l i c a t i o n s  












TABLE 3 6  -  C o n t i n u e d
PREQUIZ FORM A FORM B
Approximate  
n e g a t i v e  r o o t  




Approximate a t  . 
l e a s t  one r o o t  
t o  n e a r e s t  .01
1 DEFICIENT
( 5 )




Use l i n e a r  
i n t e r p o l a t i o n
1 DEFICIENT
( 5 )
2 NO DECISION 
( 8 )
1 NO DECISION 
( 9 )  -
General  
per f o r ma n ce - -  
chem i c  al  
e q u i l i b r  ium
. None None 1 REJECT
( 8 )
Use i n e q u a l i t i e s  
t o  de te rmi ne  
s o l u t i o n  range
None
[ See  Chp 
6 ( i i i ) 3
None 1 NO DECISION 
( 9 )
S u b s t i t u t e  r o o t  
in  l i t e r a l  terms  
to  de t ermi ne  
c o n c e n t r a t i o n





CHAPTER 11 — FACTORING POLYNOMIALS AND MULTIPLYING ALGEBRAIC FRACTIONS
PREQUIZ 
November 8 ,  1977
FORM A 
Mathemat i cal  S k i l l  
November 15,  1977
FORM B 
None
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
Factor  a common 







( 1 5 )
None
*
Factor  d i f f e r e n c e  
o f  two s qu a r e s




2 c , NO DECISION 
( 2 8 )
None
Factor  sum or 
d i f f e r e n c e  o f  
two cubes
None 1c , 3d REJECT
( 8 )
None
Factor  a 
t r i n o m i a l  i n t o  
product  o f  two 
b i n o m i a l s
1 DEFICIENT
(6)
1 e , 






' ( 2 8 )
None
Fac tor  a p e r f e c t  
square t r i n o m i a l
1 DEFICIENT
( 8 )





TABLE 37 -  Cont inued  
FORM A FORM B
Reduce a l g e b r a i c  
f r a c t i o n s  to  
l o w e s t  terms
None 2 NO DECISION 
( 2 8 )
M ul t i p l y  
a l g e b r a i c  
f r a c t i o n s
1 DEFICIENT
(13)
3a , 3d NO DECISION 
( 28 )
Div ide  
a l g e b r a i c  












CHAPTER 12 (i) -- LEAST COMMON MULTIPLE AND ADDITION OF FRACTIONS
PREQUIZ 
November 10,  1977
FORM A 
Mathemat i cal  S k i l l  
November 17,  1977
FORM B 
Chemis try  A p p l i c a t i o n s  
November 17,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
Factor  i n t e g e r s 1b








Find L.C.M. o f  
two numbers wi t h  
a common f a c t o r  
( f o r  s mal l  # s)
' None 1a NO DECISION 
(15 )
None
Find L . C . M . ( x , y )  
where x > 8 1 , y > 8 1 , 






Find L.C.M. o f  




1c NO DECISION 
( 1 5 )
None
Find L.C.M. o f  
sev e r a l  




[ See  Chp 




TABLE 38 - Continued
PREQUIZ FORM A FORM B
Add f r a c t i o n s  
with  l i k e  




Add f r a c t i o n s  
with  denomi nat ors  
x and y where x 




Add f r a c t i o n s  
d e no mi na t o r s  are  
r e l a t i v e l y  prime  
and smal l  (< 20)
2a PREVIOUSLY
LEARNED




Add f r a c t i o n s  
o t h e r  than above  
with denomi nators  
l e s s  than 20





Add f r a c t i o n s  
w it h  l a r g e  denom­





S u b t r a c t  mixed  
numbers when 
borrowing i s  
n e c e s s a r y





TABLE 38 -  Cont inued  
CONCEPT PREQUIZ FORM A FORM B
Add a l g e b r a i c  
fr ac t i o n  s
2b,  2c DEFICIENT
(6)
None 
[ See  Chp 
1 2 ( i i ) ]
None
General  
per formance—  
b a l a n c i n g  equa­
t i o n s  ( a c i d )
None None 1 REJECT
(10)
General  
per f or ma n ce - -  
b a l a n c i n g  equa­
t i o n s  ( b a s i c )
None None 2 REJECT * 
( 7 )
Write l i n e a r  
e q u a t i o n  to  f ind  
o x i d a t i o n  number
None
[ S ee  Chp 
6 ( i )  ]
None 1, 2 NO DECISION 
( 12 )
S u b s t i t u t e  and 
f i n d  v a l ue  for  
o x i d a t i o n  number
None 
[ See  Chp 
6 ( i )  ]
None 1,  2 NO DECISION 
( 12 )
Write h a l f ­
r e a c t i o n s  f or  e l ­
ements t h a t  
change o x .  s t a t e
None None 1, 2 NO DECISION 
( 12 )
Enter  c o e f f i c i e n t  
(when s u b s c r i p t s  
p r e s e n t )  i n t o  
h a l f - r e a c t i o n
None
•
None 1,  2 ACCEPT
( 8 )
M00it*
TABLE 38 -  Cont inued  
CONCEPT PREQUIZ FORM A FORM B
Add e l e c t r o n s  t o  
b a l a n c e  h a l f - r e ­
a c t i o n  ( Ar i thme­
t i c — s ig n e d  # s )
None None 1, 2 NO DECISION 
( 1 2 )
Use LCM t o  b a l ­
ance e l e c t r o n s  in  
two h a l f ­




None 1, 2 REJECT
( 11)
Add h a l f ­
r e a c t i o n s
None None 1, 2 REJECT
( 7 )
F i n i s h  b a l a n c i n g  
e q u a t i o n  in  a c id  
s o l u t i o n  ( A r i t h ­
m e t i c - s i g n e d  i t s )
None None 1 NO DECISION 
( 1 2 )
F i n i s h  b a l a n c i n g  
e q u a t i o n  in  b a s i c  
s o l u t i o n  ( A r i t h ­
m e t i c - s i g n e d  i t s )
None None 2 REJECT
( 10)
i-'K^b« >s'~^sxiK-£Sig S ^ m i S ^ S ^ S ^ S S ^ ^ S x S S m ^ S ^ S S ^ ^ S S ^ M S I ^ ^ S S W ^ ^ m S i ^ S ^
TABLE 39
CHAPTER 1 2 ( i i ) — ADDITION AND EQUATIONS WITH ALGEBRAIC FRACTIONS
PREQUIZ 
November 15,  1977
FORM A 
Mathemat i cal  S k i l l  
November 22 ,  1977
FORM B 
Chemis try  A p p l i c a t i o n s  
November 22 ,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
Factor
p o l y n o m i a l s
1, 2,  3








1 d , ( 7 )
None
*
Find common de ­
nominator  (LCM) 
for  a l g e b r a i c  
f r a c t i o n s
' 1 , 2a DEFICIENT
(5)
1 a , 
1c
1b, NO DECISION 
( 9 )
None
Write e q u i v a l e n t  





1b,  NO DECISION 
( 9 )
None
Add numerators  




1a, 1b NO DECISION 
( 9 )
None
S u b t r a c t  an 








TABLE 39 - Continued
PREQUIZ FORM A FORM B
In g e n e r a l , add
a l g e b r a i c
f r a c t i o n s
2a DEFICIENT
(16)





Reduce f r a c t i o n s None 2b REJECT
(5)
None
S i m p l i f y  complex  
a l g e b r a i c  






S o l v e  e qu a t i on  
w i t h  a l g e b r a i c  




2 a ,  2b NO DECISION 
( 9 )
1 NO DECISION 
(10 )
E l i m i n a t e  denom­
i n a t o r s  in equa­
t i o n s  w i t h  a l g e ­
b r a i c  f r a c t i o n s
3 DEFICIENT
( 6 )
2 NO DECISION 
( 9 )
None
S o l v e  f r a c t i o n a l  
e q u a t i o n s  wi th  
more than one  





per f orman ce - -  










TABLE 39 -  Cont inued
CONCEPT PREQUIZ FORM A FORM B
A ss i gn  l i t e r a l  
t o  r e p r e s e n t  
unknown
None None 1 NO DECISION
(10)
Compute number o f  
mol es  NHmCI 
in f i r s t  
ex per iment
None
[ See  Chp 
i| ( i i ) -A ]
None 1 NO DECISION
( 1 0 )
Compute number o f  
moles  NO,”
2nd exper iment  
( s u b t r a c t  r e a l s )
None None 1 NO DECISION
( 1 0 )
S e t  up e q ua t i o n None None 1 NO DECISION





CHAPTER 13 —  QUADRATIC EQUATIONS
PREQUIZ 
November 17,  1977
FORM A 
Mathemat i cal  S k i l l  
November 29 ,  1977
FORM B 
Chemistry A p p l i c a t i o n s  
November 29 ,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
In g e n e r a l ,  s o l v e 1 DEFICIENT 1 ,  4b NO DECISION None
q u a d r a t i c  equa­
t i o n  by f a c t o r i n g
( 5 ) ( 13 ) -
For f a c t o r i n g  
s o l u t i o n  manipu­
l a t e  t o  form 
f ( x )  = 0






p o l y n o m i a l s
1 DEFICIENT 
( 25 )
1 NO DECISION 
( 13 )
None
S e t  each f a c t o r  
equal  to zeroi
1 DEFICIENT 
(27 )
1 NO DECISION 
( 1 3 )
None
S o l v e  l i n e a r  
e q u a t i o n  r e s u l t ­
ing from f a c t o r  
s o l u t i o n — qu ad .
1 DEFICIENT 
(5 )

















Factor to perfect 
square
Given f^ = k 
find positive 
value for f
Given f^ = k 
find negative 
value for f

























( 1 3 )
NO DECISION 










TABLE 40 - Continued
PREQUIZ FORM A FORM B
General  form o f  
q u a d r a t i c  formula
2 DEFICIENT
( 6 )
3 NO DECISION 
(13 )
None
S u b s t i t u t i o n  i n t o  
q u a d ra t i c  formula
2 DEFICIENT
( 8 )
3 NO DECISION 
(13 )
None
S i m p l i f y  square  
r o o t s
2







S o l v e  u s i n g  quad­
r a t i c  formula  
( dec imal  
c o e f f i c  i e n t s )




F r a c t i o n a l  equa­
t i o n s -  - e l i m i n a t e  
denominators
None 
[ See  Chp 
1 2 ( i i ) ]




S o l v e  q u a d r a t i c  
e q ua t i o n  r e s u l t ­
ing  from f r a c t i o n  






Check f o r  e x t r a n ­





per formance—  
chemic al  
e q u i l i b r i u m
None 
[ See  Chp 
1 0 ( i ) - B  ]
None 1 REJECT
( 7 ) 191
TABLE 40 -  Cont inued
CONCEPT PREQUIZ FORM A
Formula for  
e q u i l i b r i u m  
c o n s t a n t
None
[ See  Chp 
10 ( i )  3
None i
S u b s t i t u t i o n  o f  
nu me ri c a l  v a l u e s  
i n t o  formula
None None j
S e t  up some 
t a b l e
None 
[ See  Chp 
. 1 0 ( i ) ]
None j
Column he ad i n g s  
in  t a b l e
None 
[ See  Chp 
1 0 ( i )  ]
None J
Terms in column 
"Change"
None
[ S e e  Chp 
1 0 ( i )  ]
None |
L i t e r a l  terms f o r  
f i n a l  e q u i l i b r i u m
None
[See  Chp 
1 0 ( i )  ]
None |
S u b s t i t u t i o n  o f  
l i t e r a l  terms  
i n t o  formula
None
[ See  Chp 




















TABLE 40 - Continued
PREQUIZ FORM A FORM B
M u l t i p l i c a t i o n  o f None None 1 REJECT
b i n o m i a l s [ See  Chp ( 7 )
1 0 ( i ) ]
S u b s t i t u t e  x - None None 1 REJECT
v a l u e  i n t o  e q u i ­ [ S e e  Chp (5 )
l i b r i u m  terms to 1 0 ( i i ) ]
g e t  f i n a l  c o n e .
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TABLE 41
CHAPTER 14 —  SIMULTANEOUS SYSTEMS OF EQUATIONS
PREQUIZ 
November 29 ,  1977
FORM A 
Mathemat ical  S k i l l  
December 6 ,  1977
FORM B 
Chemis try  A p p l i c a t i o n s  
December 6 ,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
Two l i n e a r  equa­
t i o n s  in  two 
unknowns
1 DEFICIENT
( 1 7 )
3D NO DECISION 
(14 )
None
E l i m i n a t e  one  
unknown from a 
p a ir  o f  l i n e a r  
e q u a t i on  s
' 1 DEFICIENT
( 15)




t i o n s  from a s y s ­
tem o f  t h r e e  
l i n e a r  e q u a t i o n s
None 2 NO DECISION 
(14 )
None
S u b s t i t u t e  de ­
r i v e d  v a l u e ( s )  to  
o b t a i n  o t h e r  
v a l u e ( s )
1 DEFICIENT
(11)
2 ,  3D NO DECISION 
( 14 )
None
3D i s  an e x t r a  c r e d i t  problem.
10•c*
CONCEPT
TABLE 41 - Continued
PREQUIZ FORM A FORM B
Three l i n e a r  e -  
a u a t i o n s  in  t h r e e  
unknowns— g e n e ra l  
per form ance
None 2 NO DECISION 
( 1 4 )
None
S i m u l t a n e ou s  s y s ­
tem o f  a l i n e a r  
and q u a d r a t i c  





S o l v e  l i n e a r  e -  
q u a t i o n  for  one  
o f  two l i t e r a l s  
p r e s e n t
None 
[ See  Chp 
' 6 ( i i )  ]
1 REJECT
( 1 3 )
1 REJECT
( 5 )
S u b s t i t u t i o n  o f  
l i t e r a l  term i n t o  





S o l v e  q u a d ra t i c  









S u b t r a c t i o n  o f  
grouped term
None None 1 REJECT
( 5 )
Chemical  e q u i l i -  
b r i u m - - s e t  up 
some t a b l e
None
[ See  Chp 
1 0( i )  & 13]  _
None 1 NO DECISION 
( 1 1 )
i-1
CONCEPT
TABLE 41 - Continued
PREQUIZ FORM A FORM B
Cor r e c t  column  
h e a d i n g s  f o r  
t a b l e
None 
[ S ee  Chp 
1 0 ( i )  & 13]
None 1 MO DECISION
( 11)
Terms in f i r s t  
r e a c t i o n
None None 1 NO DECISION 
(11 )
Terms i n  second  
r e a c t i o n
None None 1 NO DECISION
( 11)
L i t e r a l  terms  
a t  e q u i l i b r i u m




e q u i l i b r i u m
None 
[See  Chp 
1 0 ( i )  & 13]
None 1 REJECT
( 8 )
Formula for  
mole p e r c e n t
None None 1 REJECT
( 11)
E l i m i n a t e  f r a c ­
t i o n s  u s i n g  LCM
None
[ See  Chp 









Mathemat i cal  S k i l l  
December 8 ,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME
D e f i n i t i o n  o f  








Change c o m p o s i t e  
base  t o  prime  
f a c t o r e d  bas e








where n and m 
are f r a c t i o n s
None 3 REJECT
( 12)
, m. n nn
( x ) = X
where m and n 









Given x = b 
S o l v e  f or  x when 
_a i s  a f r a c t i o n
2a DEFICIENT
( 5 )
5 , 6 NO DECISION 
( 15)
afCx> =bg ( x )  
S o l v e  for  x
2c DEFICIENT
( 5 )
7, 8 NO DECISION 
( 15)
FORM B 
Chemistry A p p l i c a t i o n s  













TABLE U2 -  Cont inued





! None None 1 ACCEPT
( 5 )
Rewr i te  (A) 
in  a p p r o p r i a t e  
e x p o n e n t i a l  form 
dependent  on b
Use f r a c t i o n a l  
e xp o ne nt s  to
TABLE 43
CHAPTER 16 —  INTRODUCTION TO LOGARITHMS
PREQUIZ 
December 6,  1977
FORM A 
Mathemat ical  S k i l l  
December 13,  1977
FORM B 
Chemis try  A p p l i c a t i o n s  
None
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
D e f i n i t i o n  o f  






l o g  MN = 
l o g  M + l o g  N
2a DEFICIENT
( 5 )
2 a ,  2b,  NO DECISION 
2e ( 25 )
None
l o g  M/N = 
l o g  M -  l o g  N
2c DEFICIENT
(5 )
2c  REJECT 
( 16)
None
l o g  Mr  = 






l o g ^  b = 1 2b DEFICIENT
( 6 )
2 b ,  2e REJECT 
( 6 )
None
Find y = l o g ^  x 
when x = b n






TABLE 43 -  Cont inued  
FORM A FORM B
Find y = l o g ,  xD
b = a n , x = am
None 1c REJECT
( 9 )
Find b when 






when y = l o g ^  x







CHAPTER 17 LOGARITHMS AND pH
z z : : : = : : : : : : : : : : : : : : : : :z z
PREQUIZ 
December 8 ,  1977
FORM A 
Mathemat i cal  S k i l l  
December 16,  1977
FORM B 
Chemis try  A p p l i c a t i o n s  
December 16,  1977
CONCEPT ITEM(S) KNOWLEDGE ITEM(S) OUTCOME ITEM(S) OUTCOME
Find l o g  x where 
0 < x < 1 







( 5 )  -
Find a n t i l o g s  

















Given pH f i n d  pOH 
{ S o l v e  l i n e a r  






TABLE 44 -  Cont inued
CONCEPT PREQUIZ FORM A . FORM B
Given [OH- ] 





l o g  Mr =
r l o g  M
None 2b,  2c REJECT
( 5 )
None
Compute nth r o o t s  




l o g  M -  l o g  N = 




S o l v e  l o g a r i t h m i c  






S o l v e  e x p o n e n t i a l  




Logari thms  wi th  





Graph d a t a  on 




2 NO DECISION 
( 15 )  .
Read d a ta  from 
s e m i - l o g  
graph paper
None None 2b NO DECISION 
( 15)
NOo
TABLE 44 - . C o n t i n u e d
CONCEPT PREQUIZ FORM A FORM B
P l o t  ordered None None 2 ACCEPT
p a i r s  on [ S ee  Chp ( 11)
r e c t a n g u l a r 7 ( i )  1
graph paper
I n t e r p r e t  d i f - ’ None None 2 NO DECISION
f e r e n c e s  between ( 15)
r e c t a n g u l a r  and





Chapter 1 - Pre Quiz Name_______________________________
*
September 13, 1977 Number_________________' ________
1. Compute each of the following (assume all numbers to be 
exact.) NO CALCULATORS
(a) 8 + (-3) =
(b) 7 + (-11) =
(c) -5 + (-4.1) =
(d) 28.3 - 37.9 =
(e) 14 - (-3.2) =
(f) (-17.01) - (3.09) =
(g) (-19) - (-3) =
(h) (2)(-3.1) =
(i) (-7) (-4) =
(j) 2.8 v 0.04 =
(k) 0 v (-3) =
(1)  6 v 0 =





















Chapter 1 - Form A Name  u '
September 20, 1977 Number______________________________
Assume all numbers are exact. Compute each of the following. 
NO CALCULATORS!
(1 ) (-8 ) + (-6 )
(3) ( - 2 . 4 )  + ( + 2 . 4 )  =
(5) 8 . 3 9  + 6 . 1  =
(7) | - 9  -  3 1 -
(9)  5964  -  (352  + 27)  =
(11)  ( - 1 8 )  -  (+3)  + ( - 9 )  =
(13)  ( - 6 ) ( - 0 . 6 )  =
(15)  5 ( - 4 )  + 30 
- 2
(17)  6 x  4 -  8 + 3 =
(19)  6 x  [4  -  (3 + 2 ) ]  =
(21)  - 6 . 3  
- 9
(2) - 1 5  + (+8) =
(4) - ( - 7  -  2) =
(6) -40  t ( 0 . 5 )  =
(8) 18 -  ( -3)  =
(1 0 ) ( | - 8  | + | — 2 | ) + ( - | - 3 | ) =
(12) ( - 5 ) 9  =
(14) ( - 3 ) ( - 7 ) ( - 5 )  =
(16) 15 -  14 | _
1 4 - 5
(18) 1 2 t 4 + 5 - 3 x 2 =
(20) 6 + 7 p 3  -  4) + 1]  =
(22) 7 (2)  -  {2 -  [4 -  (1 -  3 f ] }  =
208
Chapter 1 - Form B ( Name_______________________________
September 20, 1977 Number_____________________________
1. For each of the numbers in the chart below put an X in 
the column(s) that describe the subject of the reals to 
which that number belongs.
Positive Negative Integer Rational Irrational








2. Draw a number line and locate the numbers given in #1.
3. Give the additive inverse (Negative) and multiplicative 
















Chapter 2 - Pre Quiz Name_______________________________
*
September 15, 1977 Number_____________________________
1. For each of the following underlined numbers decide 
whether the number is approximate or exact. Circle all 
numbers that are exact.
The board measured 39 inches. Since there are 
12 inches in one foot this board can be said to be
3.2 ft. long. Since there are 2.54 cm in 1 , 99
cm is another equivalent measure of the length of the 
board.








3. Assume all numbers are approximate and perform the follow­
ing operations, retaining the proper number of signifi­
cant digits in the answer.
(a) 1.01 + .0391 =
(b) (6.2) (3.45) =
(c) 7 * 3.2 =





1. For each of the following numbers determine whether the 
number (in that context) is approximate or exact.
Circle the exact numbers; underline the digits that are 
significant in the approximate numbers.
There are 3 apple trees in my backyard with 200 
apples on each tree. If I sell all of my apples at 3 
apples for 10C, I will gross $2 0 . I weighed 10 apples 
and found them to weigh 4.0 pounds. Since there are 16 
ounces in 1 pound, 1 apple weighs 6.4 ounces.







3. Assume each of the numbers in the following computations 
represent approximate numbers and perform the indicated 
operations. You may use a calculator if you wish.
(a) 29.375 + 6.24 =
(b) (7.003) (271) =
(c) 29 r 7 + 0.00354 =
(d) 68 t 46.0695 + 32 * 18.0153 =
4. Perform the indicated conversions between percents and 
decimals.
(a) 25% =
(b) 1/5 = %
(c) .5% =
(d) 30 = %
0003
Chapter 2 - Form B Name______________________________
*
September 22, 1977 Number____________________ _______
Show all work on this paper.
1. In calibrating a 20 ml pipette a student weights the 
water which drains from it after it has been filled to 
the mark and finds the water to weigh 20.784 g. The 
density of water at this temperature is 0.9970 g/ml. 
What is the volume of the pipette?
2. The analysis of a compound weighing 72.00 g shows there 
is 16.47 g calcium, Ca, and 29.14 g chlorine, Cl. The 
only other element present in the compound is oxygen, O. 
What is the weight percent of oxygen?
3. A first alloy weighing 39.4 kg has a composition (by 
weight) of 60.0% Cu, 30.0% Zn, and 10% Ni. A second 
alloy weighing 75.6 kg has a composition of 80.0% Cu 
and 20.0% Zn. What is the composition of the alloy 
resulting from melting these two alloys together?
Chapter 3 (i) - Pre Quiz Name__
1
September 20, 1977 Number
213





x y  =
xz
2. Perform the indicated operations
13 _4_ _
3 * 49 “
5 , 1 0  
8 ' 3
•s 2-3x . x
2 ’  12  ”
3. Pill in the blanks. Use 
calculator or indicate 
arithmetic operations
5.76 lb. = _________  g
2 2 4 5 cm = mm
55 km = mi.
Helpful Information 
(From Blue Glossary)
12 inches = 1 ft. 
2.54 cm = 1 in. 
453.5924 g = 1 lb. 
5280 ft. = 1 mile
35 mi/hr. = ft/sec.
214
Chapter 3 (i) - Form A Name_________________________ _____
i
September 27, 1977 Number_______________________  .
1. Reduce each of the following fractions to lowest terms.
4 -21 5 6x _
12 28 9 15x





_3_ . ^6 
11 •  21
a 3>c 2b _
b 4y ’ 9x
ab^ ibc _
2c ’ 6’
3. Convert each of the given measurements as indicated. 
Show work!
7.43 mm = _________  cm
59.2 g = _________  kg





Chapter 3 (i) - Form B Name 
t
September 27, 1977 Number
215
Convert each of the following measurements as indicated, 
Show work!
7.0 in. = 
55 mi. = 






A rod of iron weighs 10.0 lb.
What is the weight of an aluminum 







Chapter 3(ii)**4(i) - Pre Quiz Name__
i
September 22, 1977 Number
216
1. Fill in the blanks
25.4 g CaCO^ = _______________  miles CaC03
0.723 moles S = __________  g S
235 ml 6.0 M HC1 = ___________ miles HC1
= __________  g HCl
Chapter 3(ii) 4(i) - Form A Name__
t
September 29, 1977 Number
Fill in each of the blanks. Show your work!
12 in3 ft
52 mi/hr = ft/sec
12.5 lb/in = g/crn^
825 mm Hg = lb/in2
75.3 g S = moles S
42.0 lb Fe-D. = 3 4 moles Fe_0.3 4
6.90 moles CC>2 = g CO,
135 ml 6.0 M HC1 solution = miles HC1
C h a p t e r  3 ( i i )  4 ( i )  -  F o r m  B N a m e ___
September 29, 1977 Number
SHOW WORK!
1. What volume of pure alcohol (density = 0.790 g/cc)
and what volume of water (density = 0.9970 g/cc) sho\ald 
be combined to give 1.54 kg of 75% by weight solution 
of alcohol?
2. Find the weight percentage of each of the elements in 
CaC03 .
3. In analyzing an unknown compound we find it contains
75.64 g A1 and 67.28 g 0. What is the simplest formula 
of this compound?
Chapter 4(ii) - Form A Name____________________________ 219
October 4, 1977 ' Number____________________________
For this quiz use the f-llowing chemical equation 
4HC1 + 02 ->■ 2C12+ + 2H20
1. How many moles of HC1 are required to react with .736 
moles 02?
2. How many grams of chlorine, Cl2, are (theoretically) 
produced from 75.4 g HC1?
3. If the reaction has an efficiency of 43% and you need 
an actual yield of 7.50 lb Cl„, how much HC1 should you 
start with?
220
Chapter 4 (i i) - Form B Name_____________________________
I
October 4, 1977 Number_________________' ______
SHOW ALL WORK!
A sulfuric acid solution is 27.0% H2SO. by weight. The 
density of the solution is 1.198 g/ml. Calculate the molar­
ity and the molarity of the solution.
221
Chapter 5(i) - Pre Quiz Name _____________________________
September 27, 1977 Number________________________
NO CALCULATORS!







2. Complete each of the following
0.013 x 10~ 3 = 1.3 x
295.4 x 102 = 2.954 x
3.75 x 103 = __________  x 104
.00059 x 10~ 7 = 0.0059 x
3. Compute (assume all numbers exact)
23 216 x 10 J - 7 x 10 =
t c. i  n ~ 2 5 .  2(6 x 10 ) =




Chapter 5(i) - Form A Name__




Perform each.of the following operations, simplify, and re­
write using only positive exponents.
- 2
1. (2/3) = 11. (^f)
ft
'li
2. 3- 2 1 2 . (a-3b2 ) - 4
3. 5° =
9**3 5,-1 










5. 3- 1  • 2_1
7. -6° =







Chapter 5 (i) - Form B Name__
October 6 , 1977 Number






(e) 5000 ± 10 =
2. The solubility product constant for
AgCl ^  Ag+ + Cl" 
is defined by Ksp = [Ag4] [ c l"3
-5The solubility of AgCl is 1.25 x 10 mole per liter. 
Since one mole AgCl produces one mole Ag+ and one mole 
Cl", this means that £Ag+] = £ci"£ | = 1.25 x 10“  ^moles/1. 









Chapter 5(ii) - Pre Quiz Name__
*
September 29, 1977 Number
1. Without changing to decimal notation, place the proper 
sign, <,.>, or =, between each of the following pairs 
of numbers. Assume all numbers exact.
4.3 x 103 1.95 x 10-
7 x 10v
8 x 1 0 ' 7.7 x 10'




5.4 x 10 
- 8 x 1 0 4
-7
- 6  x 10
-5 x 10
-3
4.73 x 10 
-7 x 102
-5
-4 x 10 
2 x 1 0 - 2
- 2
225
Chapter 5(ii) - Form A Name
NO CALCULATORS
1. Use negative exponents so that no fractions appear in 
the result and leave in simplest form.
1
T  “ y
2a
(3abc°/b2 ) 3 =
2. Complete each of the following
.00059 x 10~ 7 = .0059 x
3. Place the proper sign, <, >, or =, between each of the
following pairs.
October 11, 1977 Number
0.013 x 10-3 1.3 x
6.03 x 10 - 2 x 10 -1
63.75 x 106 x 10 3
4.3 x 103
7.2 x 103
4.2 x 10“ 5 
-5 x 103 
-5 x 103
3.79 x 10 
-3 x 102 
3 x 10- 2
1.95 x 10^ 
7.2 x 10“ 3
-3
o / x. « 2263. (cont.)
5 x 10- 3  -3 x 10~ 2
4. Perform the indicated operations (Assume all numbers are 
EXACT)
(3 x 10- 4 3 ) 2 =
(16 x 10~3) (3 x 104) =
1 . 2  x 1 0 - 6
3 x 102 + 7 x 10- 2  =
6.03 x 1 0~" - 7.2 x 10- 1 0 1
Chapter 5 (ii) - Form B Name______ ___________
t
October -1, 1977 Number_______________
1. Complete each of the following
1 . 0 0  g H2O = ___________  molecules I^O
5 8  = _____________ cm = ______________ m
228.76 x 10 atoms Zn = ____________  g Zn
30.0 lb cu = ____________ atoms Cu
2. 63.00 g CH^ and 3.000 g CO2 are mixed. These two gases
do not react with one another. How many molecules are
in the mixture?
Chapter 6 (i) - Pre Quiz Name_________________
*
October 4, 1977 Number_______________
Perform the indicated operations and simplify. 
2c + 4c =
5ab -.4a2b + a2 - 7ab =
6ab - [2ah - (3ab + 2)~\ =
5 (a + ab) - 2a(5 - b) =




Chapter 6 (i) - Pre Quiz Name__
1
October 6 , 1977 Number
229
Solve each of the following equations for the indicated 
letter.
1. 5x = 12, for x
$ 2. x + 8 = 3, for x
If
3. 2 y - 5 = 3 + y ,  for y
i';w
I 5. 3x + 2y = 5x + 4y, for x




Chapter 6 (i) - Form A Name______________________________
*
October 13, 1977 Number_________________' _______
1. Perform the indicated operations and simplify each of 
the following.
5z + 3z =
1 .8x - 4.2x = 
x + ,08x =
6ab - \j2ab -  (ab + 1 ) 3 =
3(r + rs) - 5r(2-s) =
3x2 - {5x - 4x(x-3)} =
2. Solve for the unknown present in each of the following 
equations.
x + 11 = 30
3y = -36
5t + 33 = 8
5 (2n + 4) = 7n + 5
a - ja - 2 = ~(a + 3)
.03x + x = 20,600
5 = 2 
t 3
C h a p t e r  6 ( i )  -  F o r m  B N a m e____________________________ ___
October 13, 1977 Number__________________




2. Carbon (A.W - 12.011) is a mixture of two isotopes, 
C-12(A.W. = 12.0000) and C-13 (A.W. = 13.0033). What 
is the mole percent of each isotope?
Chapter 6 (ii) - Pre Quiz Name_______________________
I
October 11, 1977 Number_________________ '
o *f~1. Calculate the density of O2 gas at 0 C and la m. 
(Hint: The Ideal Gas Law p. A-4 may be useful.) 












Chapter 6 (ii) - Form A Name
i
October 18, 1977 Number______
Solve for the indicated letter.
(1) 3a + 2b = 5a + 4b for a
(2) 3 (2a - 7x) = 2 (a - 3x) for x
(3) PV2 = RT(1 - e) (V + b) - A for b
%
$
(4) I = nEnr + R for r
ea
(5 ) P =  nRT - fL_ for T
' ; V - b v2 ror 1
C h a p t e r  6 ( i i ) -  F o r m  B N a m e ___
«
October 18, 1977 Number
2
(1) Find the volume of a gas sample at 8.00 x 10 mm Hg 
and 40°C if its volume at 7.10 x 102 mm Hg and 15°C 
is 6 . 0 2  liters.
(2) Calculate the number of oxygen molecules in 1.00 liter 
of air if the air is at 20.0°C and 7.40 x 102 mm Hg 
and is 2/.0 % oxygen by volume.
(3) Calculate the density of SO2 in g/liter at STP.
Chapter 6(iii) - Pre Quiz Name__
I
October 13, 1977 Number
235
Solve each of the following inequalities. Illustrate each 
solution set on a number line.
x + 3 > 6
3x - 5 <_ x - 11
-3x < 1 2
-§ *  £  -*
-2 < 1 - 3x < 7
7 > 3 - 2x > 3
Chapter 6 (iii) - Form A Name__
t




Solve each of the following inequalities and diagram the 
solution set on a number line.
(1) x -  4 < 7
(2) 2x + 5 > 17
(3) 4 -  3x < 13
(4) - 5  < 1 -  3x < 10
In the follwoing problems more than one inequality is 
simultaneously true. Find the solution set and graph 
the solution set.
f x  + 2 > 0
(1) j^x -  3 > 0
-  5x < 8
(2) 3 -  5x > -8
^x > 0
Chapter 6 (iii) - Form B Name_______________________________
October 20, 1977 Number_________________ __________
(1) Consider the equilibrium
2C2Hg + 702 ^ 4C02 + 6H20
Suppose the original system has 3.0 moles C2Hg and 6.0 moles
02. What are the constraints on the equilibrium system?
Chapter 7 (i) - Pre Quiz Name__
i
October 18, 1977 Number
(1) On the front side of the attached piece of graph paper 
draw a single coordinate axis and plot and label each









On the back side of the graph paper draw two coordinate
axes and graph each of the following equations: 
(A) y = 2x^ - 9x + 5
Chapter 7 (i) - Form A Name__
October 25, 1977 Number
239
1. Plot each of the following points on a single rectangular 
coordinate system (Front side)
(A) (3,7) (E) (0 ,0 ) (I) (-3,-7)
(B) (7,3) (F) (0,7) (J) (7,-3)
(C) (-3,7) (G) (0,-7) (K) (3%,-7%)
(D) (-7,3) (H) (-7,0) (L) •
2. (Back side) Graph each of the following equations 
(Use 3 separate axes)
(A) y = /x + 1
(B) y = x3 - 6x
s
1
Chapter 7 (i) - Form B Name__
l
October 27, 1977 Number
240
(d) In general, as the 
temperature increases 
the solubility of a 
salt _________________ .
(e) The solubility of 
which salt is relatively 
unaffected by temperature?
(f) Which salt is an 




1. Refer to the accompany- 
ing graph to answer the 
following questions.
(a) at 10°C how many 
grams of NaNO^ will
dissolve in lOOg H20?
(b) How many grams of 
NaN03 will dissolve in
lOOg H20 at 30°C?
(c) At what temperature 
could we expect 50g 
K2Cr20  ^ to dissolve in
lOOg H20?
100
10 20 30 •10 50 i.o
tcinpnraMM' C
/U 80 90 10T
241
2. Construct a graph 
which plots atomic 
number versus atomic 
radius.
A t o m i c
A t o m i c  R a d i i ' s
K i .k m k n t  N u m i i k h  i n  A
I I 1 0.37
Me 2 0.5
l . i 3 1.52
He •1 l . l l
n 5 0.88
C 6 0.77
N ' 7 0.70
O 8 O.ftft
l ; !> 0.64
N e 10 0.7()
N ;i I I 1.8ft
M e 12 1.60




C l 17 0.99
A r 18 0.94
K 19 2.31
C :i 20 1.97
Se 21 1.60
T i 22 1.46
V 23 1.31
C r 24 1.25
M il 25 1.29
l re 26 1.26
C o • 27 1.25
N i 28 1.24
C u 29 1 .-28
'/.n 30 1.33
Chi 31 1.22
Chapter 7 (ii) - Pre Quiz Name
242
October 20, 1977 Number_______________________________
(1) . What is the slope and y-intercept of each of the follow­
ing linear equations?
(a) y = 3x + 7
(b) y + 2 = x
(c) y = 4
(d) x = 3
(2a) A line goes through the point (3,7) and through the 
point (-1 ,-2 ) what is the slope of the line?
(2b) Write the equation of the line in (2a).
2 4 3
Chapter 7 (ii) - Form A Name_______________________________
l
October 27, 1977 Number_________________' _____ _
1. Complete the following chart.
Equation______________Slope_____________y-intercept______
y - 4x = 2
y = 3______________________________________________________
x = -4 
2y + 5x = 6
3 -5
2. Sketch and label the graph of each equation in #1 on a 
single coordinate system. (i.e., on one graph there 
will be 5 different graphs.)
3. Draw 3 different graphs representing each of the follow­
ing inequalities
y - 4x <_ 2 
y < x2
Chapter 7 (ii) - Form B Name 
October 27, 1977 Number
1. The following data gives the temperature at which ace­
tone has the specified vapor pressure.
Vapor Pressure (mm Hg) P 1 10 40 100 400 760
Temperature (^ C) T -59 .4 -31.1 -9.4 7.7 39 .5 56.5
(i) Plot the data given above on a graph.
(ii) By looking at the graph predict the value of T (temp­
erature when P = 200 mm Hg.
(iii) Assuming the curve between P = 10 mm Hg and P = 40 
mm Hg is a straight line compute the value of T for 
P = 38 mm Hg.
(iv) Is your computed value of T in part (iii) too high 
or too low?
Chapter 8 - Pre Quiz Name 
i
October 25, 1977 Number
1. Write each of the following statements as a mathematical 
question.
(a) y varies directly with x and z.
(b) y varies directly with the square of x and inverse­
ly with the square of z.
(c) F varies directly with M. and JYL and inversely with 
the square of d.
(d) The boiling point elevation (bpe) of a solution is
directly proportional to the number of grams of
solute (g2), inversely proportional to the number
of grams of solvent (g,) and inversely proportion­
al to the molar weight or the solute (M2).
Fill in the following table. (The first line in completed for you.)












E = y  (h is 
constant)
y varies directly with 
and M2 and inversely with 




















The freezing point depression ATp of a solution is directly 
proportional to the number of grams of solute (g2 ) , inverse­
ly proportional to the numberof grams of solvent ( g ^ , and 
inversely proportional to the molar weight of the solute 
(M2).
(a) Write the equation that expresses the above relation.
(b) The proportionality constant in this equation is a
function only of the solvent. The freezing point de­
pression constant for water is -1.86 x 10. Calculate 
the number of grams of ethylene glycol, C2Hg0 2 , that
will prevent one kilogram of water from freezing down 
to -28.9° C (-20.0° F). (Of course you know that pure 
water freezes at 0° C.)
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Chapter 9 - Pre Quiz Name_____________________________
October 27, 1977 Number_________________• _____
NO CALCULATORS





2. Simplify the following square roots by extracting all 
perfect squares.
/I2  =
/ - 8  =
/2205 =
3. Perform the indicated operations
Chapter 9 - Form A Name__
f
November 3, 1977 Number
NO CALCULATORS
249





2. Simplify the following square roots 
/I2
/2205
3. Use Newton's divide and average method to find a decimal 
approximation of /l7 correct to three significant 
figures.





One form of Graham's Law states that for diffusion or 
effusion of gasses
rate of A _ /molecular weight of B
rate of B /molecular weignt of A
1. It took 105 seconds for a sample of CO2 to effuse through 
a porous plug and 126 seconds for the same number of moles
of an unknown gas to effuse under the same conditions.
Estimate the molecular weight of the unknown gas. (Hint: 
Remember that rate is inversely proportional to time.)
2. In a certain apparatus helium, He, diffuses at a rate of 
8 cc/sec. At what rate can we expect nitrogen, N2, to dif­
fuse through the same apparatus?





Perform each of the indicated multiplications:
(a) (3a - 4b)2 =
(b) (x - 5) (x + 8) =
(c) (4y - 5) (5y + 1)
(d) (.30 + .25x)2 =
(e) (.60 - x)(.60 + x) =
(f) (4 - 3y)(16 + 12y + 9y2) =
Chapter 10 (i) - Form A Name ___________________________ '
November 8, 1977 Number_________________■ _______
Perform each of the following multiplications and simplify 
results [i = /^ T 3
1. (xf H 3) (x + 1)
2. (y - 2) (y - 7) =
3. (x + 7) (x ~ 7) =
4. (3x - 5)(2x + 3) =
5. (x + 3) 2 =
6. (.60 - x) (1.30 - 2x) =
7. (.30 + .25x)2 =
8. (3a - 5c)(a2 + ac - c^) =
9. (3 + 4i) (3 - 4i) =
10. (2 + i)2 =
Chapter 10(i) - Form B Name 
I
November 8, 1977 Number
For the following problem set up an algebraic equation in 
one unknown that can be solved to yield the equilibrium 
concentrations of all species. You do not have to solve 
the equation. (Note: Your equation should be left in the
form f (x) = 0.)
For the reaction
2NO + Br2 ^  2NOBr
the equilibrium constant at 77°C is 6.4. If .40 moles NO, 
.30 moles Br2 and .4 mole NOBr are introduced into a one-
liter reaction vessel. What are the equilibrium concentra­
tions of each species?
i
Chapter 10(ii) - Pre Quiz 
November 3, 1977
Approximate the solution of
Name 
Number
Chapter 10(ii) - Form A - Bonus Name______________________
November 10, 1977 Number_______ _____________
Consider the equation
2x3 - 3x2 - 36x + 17 = 0
1. How many roots (i.e. solutions) does this equation have? 
Estimate within 1 unit where each of the solutions are. 
(Hint: A graph may help you.)
2. Approximate one of the solutions to the nearest .01.
Chapter 10 (ii) - Form B - Bonus Name__
t
November 10, 1977 Number
256
The following problem has been partially worked out. Complete 
the problem.
Methyl Alcohol, CH_OH, may be prepared by heating carbon mon­
oxide, CO, and hydrogen, H2>
CO + 2H2 ^ CH3OH
At 700°C the equilibrium constant is 7.0.
If 0.40 mole of each gas CO, H2, and CH^OH are mixed in a 2-
liter reaction vessel at 700°C what would be the amounts of 
each gas present when the system reaches equilibrium? Remem­




CO .20 + x  . 2 0 + x
H2 .20 + 2x .20 + 2x
CH3OH .20 - x .20 - x
. 20 - x______
(.20 + x)(.20 + 2x)^
or 28x3 + 11.2x2 + 2.4x - .144 = 0
Chapter 11 - Pre Quiz Name 
November 8, 1977 Number
257
Perform the indicated operations. (leave your answers in 
factored form).
4x2 - 12xy + 9y2 . 3xy - 9y________
2x2 - 18y2 8x2 - 18xy + 9y2
Chapter 11 - Form A Name__
»
November 15, 1977 Number
258
1. Factor each of the following into prime factors:
(a) 3a2 - 12ab
(b) 25x2 - 16
(c) x3 - 27
(d) y2 + 8y + 16
(e) 2x2 - x - 21
(f) 5y - 2x - 10 + xy
2. Reduce each of the following fractions to lowest terms.




(b) 6x + 30
10x2 + 40x - 50
(c) x2 - 49
x2 + 14x + 49
3. Perform the indicated operations
x2 + 3x + 2 . x2 - 2x - 15
x2 + 5x + 6 x2 - 3x - 10
259
(cont.)
2x - 6 . x2 - 2x - 3
3x 2x + x
x2 + 7x + 10 . x2 + 7x + 12 
x2 + 4x - 5 x2 + 2x - 3
x3 + 8 . 3x2 - x - 2
Chapter 12 (i) - Pre Quiz Name 
*
November 10, 1977 Number
1. Find the least common multiple of each of the following 
sets of terms.
(a) 6, 3, 9
(b) 675,90
(c) (x2 - 4) , (x - 2) , (2x + 4)
2. Perform the following operations
Chapter 12 (i) - Form A Name 
November 17, 1977 Number




(c) 9, 15, 6, 10
2. Perform the indicated operations and simplify
Chapter 12(i) - Form B Name 
November 17, 1977 Number
Balance each of the following equations
2- 3+
(a) cr2 ° 7 + S -> Cr + H2SC>3 (acid solution)
(b) MnO^ + Br -*■ Br2 + MnC>2 (basic solution)
Chapter 12(ii) - Pre Quiz Name__
November 15, 1977 ' Number
Find the least common multiple of
(x2 - 4), (x - 2), (2x + 4)
Perform the indicated operations and simplify
y + i  . 3 =•5 2
2y - 4y y - 2
y2 + y
y2 + y - 2
Solve for x




1. Perform the indicated operations and simplify. 
3 , x - 1
x2 + 5x x2 - 4x - 5
2x __  + 3
x2 - 1 x2 - x -
X  X
2
x2 - x - 6 x2 - 
-13 1
9
x2 - 2x - 35 x + 5
1 - + 1x + 5
Solve for x
2 3
X  X - 1
X  +  1 x - 3 4
x + 2 X  + 5 x2 + 7x
! - »
. x .a 
+ c = b " c
. 2x
Chapter 12 (ii) - Form B Name 
t
November 22, 1977 Number
265
Exactly 2.000 g of NH^ were neutralized in the reaction
NH3 + HC1 NH4C1
In a separate experiment exactly 20.00 g AgNO^ were formed 
by the action of excess HNO^ on 12.70 g Ag.
HN03 + Ag AgN03 + 1/2 H2
Then in a third experiment all of the NH^Cl from the first 
experiment was exactly sufficient to react with all of the 
AgN03 in the second experiment in the reaction
NH4C1 + AgN03 -> AgCl + NH4NC>3
Knowing the atomic weight of H is 1.008 and the atomic weight 
of 0 is 15.999 calculate the atomic weight of N.
Chapter 13 - Pre Quiz 
November 17, 1977
Solve by factoring




Solve using the quadratic formula 
3x2 + 5x - 3 = -3x - 5
Chapter 13 - Form A Name__
November 29, 1977 Number
267
1. Solve the following by factoring
2x2 - 7x + 6 = 3
2. Solve by completing the square.
2x2 + 16x - 9 = 0
3. Solve by using the quadratic formula 
x2 + 4x + 9 = 0
4. Solve each of the following using any method 
3.5x - 0.2x - 0.6 = 0 (Find x to 2 sig. digits)




Chapter 13 - Form b Name
268
November 29, 1977 Number
The equilibrium mixture
S0o + NO v SO,, + NO 2. 2 3
was found to contain 0.60 mole of SO^, 0.40 mole NO, 0.80 
mole SO2 / and 0.10 mole NO2 per liter. One mole of MO was 
then forced into the (one liter) reaction vessel. Calculate 
the concentrations of each gas in the new equilibrium mixture.
Chapter 14 - Pre Quiz Name
I
November 29, 1977 Number
Solve the system
Chapter 14 - Form A Name 
*
December 6, 1977 Number
270
Solve each of the following systems,
1. )4x2 + y2 = 17 
2x - y = 3
2. ( 2x + 3y - z = 11 
x + 2y + z = 12 
3x - y + 2z = 5
3. Extra Credit
C*8y = 9x - 1 
I 6x + 12y = 5
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Chapter 14 - Form B Name________________________________
December 6, 1977 Number
At a given temperature the equilibrium constant for the 
reaction
N205 (g) ^ N203 (g) + C>2 (g) is 7.75
At this same temperature the N2C>3 further dissociates accord­
ing to the equation
Nl ° 3  (g) ^  N2 °  (g) + ° 2  (g)
Starting with 4.00 moles N205 in a one liter reaction vessel, 
when equilibrium is reached we find the mole percent of 
oxygen, 02 , is 52.9%. How many moles of each of the species 
is present at equilibrium?
Chapter 15 - Pre Quiz Name 
t
December 1, 1977 Number




2. Solve each of the following 
b"3/ 4 = 27
9X = 27
43x = 8X_1
Chapter 15 - Form A Name
I
December 8, 1977 Number
Evaluate each of the following expressions
1 .  81  3/ 4 =
2 .  8 ^  • 4 1 / 3  =
x - 1 / 2
3 ‘ ^ 375-  "
4 .  10/1 2  t  5/ 2 ~ =
Solve each of the following 
* w-3/4 _ 1
274
Chapter 15 - Form B Name< *" ” . — .
December 8, 1977 Number
1. The Bohr.equation is
^  _  2ir3me^
h3
Solve for e.
2. The molecular speed of a gas molecule is given by 
f 3 R T ^u = \ - ^ - J  where u is the velocity in cm/sec R is the 
gas constant = 8.31 x 10^ erg/mole °K, T is the absolute 
temperature in °K, M is the molecular weight of the gas 
molecule. Find the average molecular speed of a methane, 
CH^, molecule at 25°C.
Chapter 16 - Pre Quiz Name
#
December 6, 1977 Number_____________________ _
1. Complete, the following chart
Exponential Expression Logarithmic Expression 
32 = 9 <=> 10g39 = 2
103 =  1000  _____________________________________
10 - 2  =  . 0 1  _ ________________________________
____________________  <r> log464 = 3
2. Given log^g2 = .3010 and log^Q3 = .4771 find
Chapter 16 - Form A Name____________________________
December 13, 1977 Number____________________________
NO CALCULATORS
1. Find the value of the unknown in each of the following:
(a) log3 9 = y
(b) l o g 10 .0 1  = y
(c) 8 = y
(d) log^ 81 = 4
(e) logb 27 = -3
(f) logb 8 = 1.5
(g) log5 x = 2
(h) l°g3 x = 0
2. Given log^ 2 = .4307 and log^ 3 = .6826 find each of 
the following
(a) log5 6 =
(b) lo g ^  10 =
(c) log5 2/3 =
(d) locfg 4 / 3 ~  =




Chapter 17 - Pre Quiz Name 
*
December 8, 1977 Number
1. Using the definitions of pH and pOH in blue section 
(page A-ll) fill in the missing blanks in the following 
table.
Solution pH p0H [H+J rOH-J
Chapter .17 - Form A 
December 16, 1977 
NO CALCULATORS
1. Compute 4/.0523
2. Solve each of the following: 
logg (m + 1) - loggm = log84
2s3/4 = 882 
x = log57
Y  »
3. Graph y = 2 on semi-logarithmic graph paper for 




Chapter 17 - Form B Name ■





2. As a reaction proceeds the concentration of both
reactants and products changes. For a given reaction 
the following data on concentration of a reactant is 
available:
time, t (hr.) 0 100 200 400
concentration (mole/liter) 1.00 .80 .63 .40
Plot time versus concentration on both rectangular graph 
paper and on semi-log paper. Which graph is the most use­
ful for estimating the concentration at t = 600 hr? Why? 
What is the concentration at t = 600 hr?
1. Fill in the following table 
Solution pH p0H [h +_J









DO NOT WRITE ON THESE QUESTION SHEETS.
MARK ALL ANSWERS ON THE ENCLOSED ANSWER SHEET.
ERASE ALL STRAY MARKS FROM THE ANSWER SHEET.
Wait for further instructions before opening the test 
booklet. The exam lasts 60 minutes. Your score will de­
pend only upon those answers marked correctly. Don't 
wa time on problems you can11 do. If you have a ques­
tion during the exam, raise your hand.
GOOD LUCK!
The following mathematical facts may be helpful in solv­
ing some of the problems.
Quadratic formula x = — 2a ~
2
Geometric formulas Area of a square A = s
2Area of a circle A = irr
Volume of a rectangular solid V = lwh
Area of a triangle A = Jjbh
Law of Sines
a = b = c 
sin A sin B sin C
Law of Cosines
a^ = b^ + c^ - 2bc cos A
Trigonometric and logarithmic 





Partial Table of Trigonometric Functions
T a i i i .f . o f  T k i o o n o m i .t k k : R a i k »s
| A ng le Sine T a n g e n t C o tan g en t Cosine
10 0.1736 0.1763 5.6713 0.9848 80
11 0.1908 0.1944 5.1446 0.9816 79
12 0.2079 0.2126 4.7046 0.9781 78
13 0.2250 0.2309 4.3315 0.9744 77
14 0.2419 0.2493 4.01 OS 0.9703 76
15 0.2588 0.2679 3.7321 0.9659 75
16 0.2756 0.2867 3.4874 0.9613 74 .
17 0.2924 0.3057 3.2709 0.9563 73
18 0.3090 0.3249 3.0777 0.9511 72
19 0.3256 0.3443 2.9042 0.9455 71
20 0.3420 0.3640 2.7475 0.9397 70
21 0.3584 0.3839 2.6051 0.9336 69
32 0.5299 0.6249 1.6003 0.8480 58
33 0.5446 0.6494 1.5399 0.8387 57
34 0.5592 0.6745 1.4826 0.8290 56
35 0.5736 0.7002 1.4281 0.8192 55
36 0.5878 0.7265 1.3764 0.8090 54
37 0.6018 0.7536 1.3270 0.7986 53
38 0.6157 0.7813 •1.2799 0.7880 52
39 0.6293 0.8098 1.2349 0.7771 51
40 0.6428 0.8391 1.1918 0.7660 50 .
41 0.6561' 0.8693 1.1504 0.7547 49
42 0.6691 0.9004 1.1106 0.7431 48
43 0.6820 0.9325 1.0724 0.7314 47
44 0.6947 0.9657 1.0355 0.7193 46
45° 0.7071 1.0000 1.0000 0.7071 45°
Cosine C o tan g e n t T a n g e n t Sine A ngle
Partial Table of Common Logarithms (base 10)
L o g a r i t h m s ,  B a s e  1 6
■V 0 1
2 1 3
4 5 6 7 S 9
-   — .......
3 .0 .4771 .47X 6 .4X 00 .4 S I 4 .4X 29 .4X 43
.4X57 .4X71 .4XX6
3.1 .4 9 1 4 .492X .4 9 4 2 .4 9 5 5 .4 9 6 9 .49X3
.4 9 9 7 .5011
. .  .
3 .2 .5051 .5 0 6 5 .5 0 7 9 .5 0 9 2 .5 1 0 5 .5 1 1 9 .5 1 3 2 .5 1 4 5
. 5 1
3 .3 .51X5 .5 1 9X .5211 .5 2 2 4 .5 2 3 7 .5 2 5 0
.5 2 6 3 ,5 2 7 o .5 - ' v >
3 .4 .5 3 1 5 .5 3 2 8 .5 3 4 0 .5 3 5 3 .5 3 6 6 . 5 3 7 S
.5391 .5 4 0 3 , S l f >
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1. Express 40250 as a number times a power of 10.
(1) 4.025 x 104
(2) .4025 x 103
’ (3) .425 x 103
(4) 4.25 x lfl4
(5) 4.025 x 103
2. Ice stored in an icehouse loses 15% of its weight before it
is used. How many metric tons of ice must be stored if there is
to be 306 metric ton used?
(1) 2040 metric ton -
(2) 260.1 metric ton
(3) 360 metric ton
(4) 351.9 metric ton
(5) none of these ;
3. 2 x 1013 + 3 x 1015 =
(1) 23 x 1015
(2) 302 x 1012
(3) 60 x 1014
(4) 6 x 1014
' (5) none of these
4. The Koffee Klatch coffee company purchases 2000 ton of raw 
coffee beans each year. Only 79% of these beans are of sufficiently 
high quality to meet the Koffee Klatch standards. 50% of the Koffe 
Klatch total production is shipped to the U.S. How much coffee 
does the Koffee Klatch company ship to the United States?
• (1) 700 ton
(2) 800 ton
(3) 1000 ton . '
(4) 990 ton
(5) 790 ton
5. If E 3 IR is the equation for a curve and E = 6, which of the 
following pairs of values (I,R) satisfies this relationship?
( 1 ) ( 1/ 6 , 1 ) ( 4 ) ( - 1 , 1/ 6 )
( 2 ) ( 1 , 1/ 6 ) ( 5) ( 1 , - 1/ 6 )
(•') (1 , ‘‘)
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6 x 1 0 - 2 .
2 x 1 0 ; 3
(1) 3 x 10-"S
(2) 3 x 10'A
(3) 3 x 101
(<) 3 x 105
(5) Some other number
Questions 7 through 9 refer to the formula below in which k 
i s  a constant.
ATb _  k  g 2  . .  '  '
*1 M2
. 7. If the values of and M 2 remain constant and g 2 doubles,
ATb is
(1) divided by 2
(2) divided by 4
"  (3) multiplied by 2
(4) multiplied by 4
(5) not changed
8. ATfa is
(1) directly proportional to k and g 2
(2) directly proportional to g 2 and inversely proportional
to gj and M 2 •
- (3) directly proportional to g^ and M 2 and inversely proportiona 
to g2 ’
(4) directly proportional to the square of g 2 and inversely 
proportional to gj and M 2 .
(5) directly proportional to the ratio of gj M 2 to g 2 »
/ *
9. . When gj a 90 grams, ATb =* 1.00 °C. If g 2 and M 2 remain
constant and g^ is reduced to 70 grams, what is the new value 
of ATb ?
(1) 1.59 °C (3) 1.22 °C (5) 1.29 °C '
(2) 0.78 °C 04) 1.63 °C j.
10. In the graph at the r ig h t, 
which graphed lin e  segment has a 
negative slope?
(4) _ -----------------------------
(5) none o f th ese
11. In the graph a t the r ig h t,  
which graphed lin e  segment has 
a slop e equal to zero?
(3  ) ...........................................
(4  ) ------------------------------------
. (5) none o f  th ese
12.. A student has three exam scores o f 72, 85, and 78-. 
What i s  the minimum average score that she must earn on the 
next two exams so that her f in a l  average o f the f iv e  exams 






13. In a recent basketb all game, Harry Haik took 35 shots 






(5) none o f the above





C (4) 14 (5) some other number
i-I
15. In a 200 kg m ixture o f  sand and rock, there i s  tw ice  as much’ 
rock as sand. How many kg o f  sand are there?
(1 ) 50 kg
(2 ) 133 1 /3  kg
(3 ) 75 kg
(4 ) 66 2 /3  kg
(5 ) some oth er amount
16. 3*2 «





• T x  3
(5)  - ( 3 x 3 )
17. (2 3) 2 -
(1 ) 2 x 2 x 2
(2 ) (2 x 3) (2 x 3)
(3) (2 x 3) (2 x 3) (2 x 3)
(4 ) 2 x 2 x 2 x 2 x 2
(5 ) 2 x 2 x 2 x 2 x 2 x 2





(5) some o th er  amount
19. The volume o f  a sample o f .g a s  m aintained a t  con stan t p ressu re  
i s  12 .0  l i t e r s  a 0 °C and in creases by 0.3661 o f  th is  va lu e  per °C 
when heated . What w i l l  be the volume a t 100 °C?
(1) I S .3 l i t e r s
(2 ) 12 .4  l i t e r s
(3) 16.4  l i t e r s
(4) 7 .6  l i t e r s
(5) 15 .7  l i t e r s
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l
Plot the following data, with "concentration” measured on 
the y-axis and "time" indicated on the x-axis. Sketch a line 





















(4) 10 g 
• (5) 11 g





(5) some other number
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$
24. Which o f the fo llow ing statements i s  true? (Euclidean geometry)
|  (1) The image o f a s tra ig h t lin e  r e f le c te d  in  a mirror i s
|  again a s tra ig h t l in e .
(2) I f  two regions are enclosed by a curve o f  the same len g th , 
then the two areas are equal.
(3) I f  two tr ia n g les  are sim ilar with r a tio  k , then the r a tio  
o f  th e ir  areas is  a lso  k.
(4) Any two lin e s  in  the plane w il l  in te r se c t .
(5) Any angle can be tr is e c te d  using only a compass and






(5) some other amount
26. A square centim eter i s  approximately
(1) A square yard
§ (2) one h a lf  a square foo t
(3) one th ird  a square rod
(4) one s ix th  a square inch
(5) one tenth a square meter






2 228. Perform the ind icated  operations: (5y - 4z )(3 y  ♦ 2z)
(1) Sy2 ♦ 3y - 4z2 + 2z
(2) 15y2 - 12yz2 + 10y2z - 8z2
(3) 15y3 - 12yz2 + 10y2z - 8z3
(4) 15y3 - 8z3
(5) none o f the above





(5) none o f the above
30. Simplify: 3/17) ♦ 4/37 ♦ 3
(1) 14 + 16/7
(2) -17
(3) 3 - 2/7 
' (4) 6 ♦ 7/7
(5) none of the above





(5) none of the above
32. I f  2x - 3y * -16





(5) none of these
33. Find the roo ts of 5x » 3x^ - 1 
(1) x „
( 2 )  x .  - s |  W
(4) x .
(5) none of the above
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(4 ) -81
(5) none o f  the above





(4) 4tt ♦ 2
(5 ) none o f  th e above
36. What are the coord in ates o f  the p o in t where the graph o f  
7y - 2x « 6 in t e r s e c t s  th e x -a x is?
CD (3 .0 )
(2 ) (6 /7 ,0 )
(3 ) (1 /3 ,0 )
(4 ) ( -3 ,0 )
(5 ) none o f  th e above
37. A body i s  f a l l in g  to the ground so th a t i t s  d is ta n ce  in  f e e t
2
above the ground a f te r  t  seconds i s  g iven  by x ( t )  = «16t ♦ 200.
How fa r  above the ground i s  the body a t the end o f  3 seconds?
(1) 3 f t .
(2) 9 f t .
(3 ) 56 f t .
(4) 152 f t .
(5) none o f  the above
38. I f  x ♦ 6<3x - 8 then
(1) x < 7
(2) x > 7
(3) x < 12
(4) x > -1
(5 ) none o f  the above
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40. s in  tt/ 5 ♦ s in  ir/3 ■
(1) s in  ir/8
(2) s in  8ir/15
(3) 1
(4) 0
(5) none o f  the above
41. The equation 4x ♦ 13 ■ 2Ox has
(1) no so lu tio n s
(2) only one p o s it iv e  so lu tio n
(3) on ly  one n egative so lu tio n
(4) two p o s it iv e  so lu tio n s
(5) two n egative  so lu tio n s
.42. Mr. Tham, a c i v i l  engineer, 
has to  p lo t  the path o f  a tunnel 
from point Y to  po in t Z. He knows 
the d ista n ce  between Y and X and 
between X and Z. What angle should 














43. What i s  the length  o f  sid e x in the tr ia n g le  in Figure 1?
(1) /TUT.T




44. What i s  the length  o f sid e  






45. I f  Figure 3 rep resen ts the 
graph o f  y 3 f ( x ) ,  then
(1) f  has three ra tio n a l roots
(2) y i s  negative when x i s  
n egative
(3) f  has two imaginary roots
(4) f (x )  = 0 has a t le a s t  
one so lu tio n
(5) more than one o f  the 
statem ents (1) to (4) are true
46. A block has a volume o f  600 cubic 
cen tim eters. What i s  i t s  volume in 
cubic meters?
(1) 6 cubic meters
(2) 60 cubic.m eters
(3) .06 cubic meters
(4) .0006 cubic meters






47. Figure 4 rep resen ts the graph 
of the equation:






(4) - 3 / /TO
(5) - / n r / 3










(5) there i s  more than one so lu tio n
i











(5) none of the above









53. Find x if logjg x *
(1) x * .00302
(2) x * .5416
(3) x -  3.02
(4) x -  541.6
(5) x -  3.020
3 2
54. Calculate log^ 0
(1) .1629
(2) 1.032
(3) 7.5092 - 10
(4) .0137
(5) none of the above
log10 (I x 1030) -




(5) none of the above
295





(5) none of the above
57. then x
58.
Solve the system y °  x - 13
y -  x2 - 8x - 65
(1) 13 or 0
(2) -4 or -17
(3) 0 or -17
(4) 13 or -4






(5) some other amount
59.- In the graph at the right, as 




(3) remains the same
(4) can't determine
(5) none of the above
60. I f  36 grams of water yield 32 grams of oxygen, how many grams of water 
are required to yield 10 grams of oxygen?
(1) 14 g water
(2) 8.89 g. water
(3) 11.25 g water
(4) 11.52 g water
(5) 22 g water
V
The ACS Toledo Chemistry Placement Examinat ion i s  a 
national exam and c o n f i d e n t i a l .  Form 1974 has 5 p a r t s  with  
a total o f  67 i t e m s .  I t  i s  de s igned  to be completed in 55 
minutes. Q u a l i f i e d  i n d i v i d u a l s  may order  c o p i e s  from 
Examinations Committee— ACS, U n i v e r s i t y  o f  South F l o r i d a ,  




Mathematics A ttitude Scale Name
E-V
Directions: Please w rite your name in the space provided. Each o f the 
statements on th is  opinionnaire expresses a fee lin g  or a ttitud e toward 
mathematics. You are to in d ica te , on a five-p o in t sca le , the extent 
of agreement between the a ttitu d e expressed in each statement and 
your own personal fe e lin g . The fiv e  points are: Strongly Disagree 
(SD), Disagree (D), Undecided (U), Agree (A), Strongly Agree (SA).
Draw a c ir c le  around the le t t e r  or le t te r s  giving the best indication  
of how c lo se ly  you agree or disagree with the a ttitu d e expressed in  
each statement.
1. I am interested  and w illin g  to acquire further
knowledge o f mathematics. SD D U A SA
2. I have not enjoyed studying mathematics in
school. SD D U A SA
3. Mathematics makes me fe e l uncomfortable and
nervous. SD D U A SA
4. I have never lik ed  mathematics, and i t  is
my most dreaded subject. SD D U A SA
5. My mathematics teachers e ith er  didn't know 
th eir  subject or weren't able to explain i t
to me. SD D U A SA
6. Word problems in mathematics have always
been d if f ic u l t  for me. SD D U A SA
7. I am in terested  and w illin g  to use mathematics
outside school and on the job. SD D U A SA
8. Mathematics is  du ll and boring because i t
leaves no room for personal opinion. SD D U A SA
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9. Mathematics i s  not important in e v e r y
day l i f e .  SD D U A SA
10. Mathematics helps develop a person's
mind and teaches him to think. SD D U A SA
11. Mathematics has contributed grea tly  to
science and other f ie ld s  o f knowledge. SD D U A SA
12. Mathematics i s  very in te r e st in g , and I have
u su a lly  enjoyed courses in th is  su b ject. SD D U A SA
13. Mathematics i s  not important for the advance
o f  c iv i l iz a t io n  and so c ie ty . SD D U A SA
14. There i s  nothing crea tiv e  about mathematics;
i t ' s  ju s t  memorizing formulas and th in g s . SD D U A SA
15. Mathematics i s  le s s  important to people
than art or l i te r a tu r e . SD D U A SA
16. My mathematics grades have u su a lly  been at 
le a s t  as high as my grades in  other school
su b jects . SD D U A SA
17; My average grade in  almost a l l  school subjects
has been "B" or b e tter . SD D U A SA
18. Mathematics i s  needed in  order to keep the
world running. SD D U A SA
19. 1 have trouble with some o f the terms and
symbols in  mathematics. SD D U A SA
20. Mathematics i s  an unnecessary subject and
not worthwhile. SD D U A SA
21. Mathematics makes me f e e l  uneasy and
confused. SD D U A SA
22. I would rather memorize a l i s t  o f  th ings
than try  to so lve a hard problem. SD D U A SA
23. My mathematics teachers have u su a lly  been 299
impatient and demanding. SD D U A SA
24. An understanding o f mathematics i s  needed by
a r t is t s  and w riters as w ell as s c ie n t is t s .  SD D U A SA
25. I l ik e  to work with numbers, p rotractors,
compasses, and other to o ls  o f mathematics. SD D U A SA
26. Mathematics i s  needed in  desigr-~ng p r a c t i­
c a l ly  everything. SD D 0 A SA
27. I would l ik e  to develop my mathematical
s k i l l s  and study th is  subject more. SD D U A SA
28. Mathematics i s  enjoyable and stim ulating
to  me. SD D U A SA
29. I enjoy going beyond the assigned work and
SD D U A SA
SD D U A SA
SD D U A SA
30. I enjoy working algebra problems.
31. 1 enjoy working geometry problems.
32. Mathematics i s  a b etter  subject for boys
to study than for g ir l s .  SD D U A SA
Neldt
Form 8 __________________________________ _
October 18, 1977  Rim
ATTITUDE SCALE
This scale has been prepared so that you can Indicate how you feel about this 
class. PLEASE RESPOND TO EVERY ITEM. In each case, draw a circle around the le tte r  
which represents your own reaction as follows:
SA i f  you strongly agree with the statement 
A If  you agree but not strongly so
N 1f you are neutral or undecided
0 If  you disagree but not strongly so
SO If  you strongly disagree with the statement
Remember, the only correct answer Is the one which actually represents how you 
feel about this class.
1. The methods used In teaching this class are
satisfactory as far as I am concerned....................SA A' N 0 SD
2. I am less favorable toward this class than I was . SA A N D SD
3. This class should have more contact between
teacher and students.......................................................SA A N 0 SO
4. I like the teaching method used In th is class. . . SA A N 0 SD
5. Too much time 1n th is class has been devoted to
unimportant topics.......................................................... SA A N 0 SD
6. I can not see that th is method of teaching has
any advantage over other methods.................................SA A N 0 SD
7. All my expectations have been exceeded In this
class................................................................................. SA A N D SD
8. 5ome students, but not others, benefit from the
method of teaching th is class „ . . . . SA A N D SD
9. I feel Indifferent toward the subject matter of
th is class........................................................................ SA A N D SO
10. The subject matter presented In this class Is
paced too fa s t................................................................. SA A N 0 SD
11. I am glad that th is class was taught using this
method................................................................................SA A N D SD
12. This class has been a disappointment to me. . . .  SA A N D SO
13. Because of the enthusiasm I have for th is class
I find I t  very easy to study this subject. . . . SA A N D SD
14. The method used In this class forces me to spend
too much time on material I already know. . . . SA A N D SD
15. The method used to teach this class should be
used for a ll classes................................................... SA A N D SD
16. There Is not enough participation by students
1n this class................................................................  SA A N 0 SD
17. He could cover the material faster If  some other
method of teaching were used........................................ SA A N D SD
18. The method of presentation In this class explains
why I remember the material.......................................  SA A N D SD
19. 1 have learned more In this class than I thought
I would..............................................................................SA A N O SD
20. Ny freedom In th is class Is curtailed by the
teaching method................................................................SA A N 0 SO
21. The way this class Is taught leaves me
enthusiastic.....................................................................SA A N 0 SD
22. The method of Instruction used in this class needs
extensive Improvement.................................................. SA A N D SD
23. This 1s a well organized class................................  SA A N D SD
24. I had hopes that this class would be better than
I t  MS................................................................................SA A N D SO
25. When I wanted to review In this class I have not
had a chance. .  .......................................................... SA A N 0 SD
26. 1 am Interested (n the subject matter of this
C la ss . .......................................................................................................... . . a . . .  SA A N D  SD
3 0 0
Neldt
Form C ____________ _______________________
November 15, 1977 Name
ATTITUDE SCALE
This scale has been prepared so that you can Indicate how you feel about this 
class. PLEASE RESPOND TO EVERY ITEM. In each case, draw a circle around the le tte r  
which represents your own reaction as follows:
SA If  you strongly agree with the statement 
A If  you agree but not strongly so
N I f  you are neutral or undecided
D- I f  you disagree but not strongly so
SD If  you strongly disagree with the statement
Remember, the only correct answer Is the one which actually represents how you 
feel about th is  class.
1. My attitude about the methods used In teaching 
th is course can be described as "satisfactory". . . SA A N 0 SD
2. I feel less favorable toward th is class than I did. SA A N D SD
3. Increasing the contact between teacher and students 
would Improve this class................................................ SA A N D SD
4. I like the way th is class Is taught.......................... SA A N 0 SD
5. The unimportant topics In this class have been given 
too much time.................................................................. SA A N D SD
6. I cannot see any advantage for this method of teach­
ing over any other methods............................................ SA A N D SD
7. My highest expectations have been exceeded In this 
class................................................................................. SA A N D SD
e. The method of teaching this class works well for 
so n  students but not for others................................. SA A N 0 SD
9. I neither like nor dislike the subject matter 1n 
th is class......................................................................... SA A N D SD
10. The rate of presenting material In th is class Is 
too fa s t ............................................................................. SA A N D SD
11. I am happy that the method of teaching this class 
was used............................................................................. SA A N D SD
12. My feeling about this class 1s one of disappointment .SA A N D SD
13. This class gives me real enthusiasm for the study 
of th is subject.................................................................. SA A N 0 SD
14. I already know the material 1n this class yet the 
method of Instruction forces me to spend time on I t .  SA A N D SO
15. All other classes should be taught by the same 
method used In this class................................................ SA A N D SD
16. There Is not as much student participation 1n this 
class as there should be................................................ SA A N D SO
17. The progress of the class 1s delayed because of the 
teaching method used. . . ■ • -........................................ SA A N 0 SD
IB. Because of the method used In this class the material 
stays with me......................................................................
1
SA A N D SO
19. I have learned more 1n th is class'than I expected 
to learn............................................................................. SA A N D SD
20. As far as freedom Is concerned, the method of Instruc­
tion In th is 'c lass  doesn't give me enough...................SA A N D SD
21. The teaching method In th is class gives me a feeling 
of enthusiasm...................................................................... SA A N 0 SD
22. The method of Instruction used In th is class needs a 
lo t of Improvement........................................................... SA A N 0 SD
23. There Is good organization of subject matter In this 
class.................................................................................... SA A N D SD
24. This class Is not as good as I hoped I t  would be. . .SA A N D SD
25. In this class I have not had a chance to e> rack 
over the material.............................................................. SA A N D SD
26. 1 am Interested In the content of th is class. . . . SA A N D SO
Wrw»-“ — '
N e l d t  
Fora 0
December 13, 1977 Hame
ATTITUDE SCALE
This scale has been prepared so that you can Indicate how you feel about th is
class. PLEASE RESPOND TO EVERY ITEM. In each case, draw a circ le  around the le tte r
which represents your own reaction as follows:
SA 1f you strongly agree with the statement
A I f  you agree but not strongly so
N I f  you are neutral or undecided
O ' 1f you disagree but not strongly so
SD 1f you strongly disagree with the statement
Remeatar, the only correct answer Is the one which actually represents how you
feel about this class.
1. As far as I am concerned the methods used In this 
class have been satisfactory.............................................SA
2. My feelings about th is class are less favorable 
than they were...................................................................... SA
3. There should be more contact between teacher and 
students 1n th is class........................................................SA
4. The way th is class Is taught pleases me.........................SA
5. Too much time In th is class has been spent going 
over unimportant topics......................................................SA
6. I cannot see that th is method of teaching offers any 
advantage over other methods.............................................SA
7. Every expectation I had for th is class has been 
exceeded................................................................................. SA
8. The method of teaching this class Is better for some 
students than for others....................................................SA
9. The subject matter of this class leaves me with an 
Indifferent attitude ........................................................... SA
10. In th is class the subject matter Is presented a t 
too fast a pace.................................................................... SA
11. I am happy about the teaching method used In this 
class.......................................................................................SA
12. I am disappointed with th is class....................................SA
13. I study the subject offered In this class 
enthusiastically...................................................................SA
14. I already know the material yet I am forced to spend 
too much time on I t  by the method used In th is  class.SA
15. The teaching method 1n this class should be used by 
teachers In a ll other classes...........................................SA
16. Student participation Is not as extensive as I t 
should be In th is class......................................................SA
17. The method used to teach this class causes students 
to  go too slow...................................................................... SA
18. I retain the material In this class because of the 
method used to present 1t. . . .  ................................SA
19. 1 have learned more In this class than I anticipated 
learning................................................................................. SA
20. Because of the teaching method used 1n this class,
I can 't do as much on my own as I want to do. . . . SA
21. I am enthusiastic about the way th is class 1s taught.SA
22. The method of Instruction used 1n th is class leaves a 
lo t to be desired.................................................................SA
23. The subject matter 1n th is class Is well organized. .SA
24. This class has not met the hopes that I had for 1t. .SA
25. I have not had a chance to review the Information 
presented In th is class ......................................................SA
































5 dim F $ ( 3 7 ) ,  C 7 (3 7 ) ,  K7(37) ,  T $ ( 37 ) ,  T1 -t(3%) 304
10 input  ’ What i s  the  name o f  f i l e  in which data i s  
found — e . g .  F.NID2.DTA' F1$
30 input  'Name o f  Runoff f i l e  to be run on B e d f o r d - - e . g .
QU3.DIS or QU6I.DIS’ F2$
40 open F2$ for  output  as  f i l e  1%
50 p r i n t  1%, ' .nnm'
1 -PS'
’ .ps 41 '
M m  10'
' .rm 100'
' . t s  28,  52,  76'
' . n f  ’
chapt er  heading— e . g .  CHAPTER 2
60 p r i n t  
65 p r i n t  
70 p r i n t  
80 p r i n t  
90 p r i n t  
100 p r i n t  
110 input








PREQUIZ ! FORM A
APPROXIMATE NUMBERS' T$
120 p r i n t  1%, ' .c 110'
130 p r i n t  17,, T4
140 p r i n t  17, ' . s  S'
150 S$ = ’ ! '
160 p r i n t  17, ' !
FORM B'
170 p r i n t  17, ' ! ! Mathematical  S k i l l  !
Chemistry A p p l i c a t i o n s '
180 i np ut  'What date  was PREQUIZ g i v en  ’ D1$
190 input  'What dat e  were FORM A and FORM B g i ven  (1 d a t e ) '  
D2.7 
200 p r i n t  
' ; D 2$.
210 p r i n t  




' ; D1 4; '
“&C0NCEPTU
' ; P24; '
‘&ITEM(S ) KNOWLEDGES
“&ITEM(S) OUTCOMES 




= 'FORM B '
‘AITEM(S) OUTCOMES’
225 p r i n t  
255 T$( 1 7)  
260 T$(2 7) 
265 T4(37)
T 1 $ (1 7)  
T 1 $ (2 7) 
T 1 $ (3 7)
'4 *
'2  '  
. 3 ,
269 for 17 = 17 to 3%
270 F $ ( I 7 )  = T$ ( I7 )  + ' . DTA'
275 open F 4 ( 1 7 ) for out put  as f i l e  37 
278 open F1$ for  input  as f i l e  27
280 p r i n t  ' In what column does  the  ' T $ ( I 7 )  ' s t a r t ' ;
281 input  C7(I7)
285 f or  J7 = 17 to 367 
290 input  27,  A$
295 i f  m i d ( A4, C 7 ( I 7 ) ,  17) = T 1 4( I 7 )  then p r i n t  37,  A4:
K 7 ( 17) = X 7 ( 17) + 17 
300 next  J7 
310 c l o s e  27
320 c l o s e  37
330 next  17
400 dim 0 1 4 ( 3 7 ) ,  0 2 4 ( 3 7 ) ,  0 3 4 ( 3 7 ) ,  C1$( 37 ) ,  0 4 ( 3 7 ) ,  X7(37) ,  
A $(3 6 7 ) ,  B * ( 3 67 ) ,  X 4(3 7)
405 DEF FNA( R7 , X7) = R7 * ( - 1 . 7 2  + . 262  * X7) + ABS(R7 -  17)  
* ( - 1 . 6 5  + .339 * X7)
305
406 DEF FNR(R7,X7) = R* * ( 3 . 3 9  + .262 * X%) + ABS(R* -  17)
* ( 3 .  25 + . 339 »X%)
410 p r i n t  'On ne xt  4 l i n e s  e n t e r  c oncep t  to  be a n a l y z e d - - a t
most 17 c h a r a c t e r s  per l i n e '
411 i nput  S1$
412 input  S2$
413 i np ut  S3$
414 i n p ut  S4$
420 f o r  I % = 17 to 3%
425 i f  17 = 17 or 17 = 27 then R7 = 17 e l s e  R% = 0%
430 randomize  
440 B% = 0
450 A.f(K7) = "  for K% = 1 7 to 35%
460 p r i n t  'On next  3 l i n e s  e nt e r  q u e s t io n  #s for  the '  TAC19?)
461 i np ut  O U ( I 7 )
462 input  Q2$(I7)
463 input  Q3$(I7)
465 i f  Q1$(I7)  = 'None' then 0 $ ( I %) = "  : go to 630
470 p r i n t  'On which column i s  t h i s  s k i l l  coded for the  
’T $( I 7 ) ;
471 i nput  C1%(195)
475 X 7 ( I 7 ) ,  Y% = 0
480 open F$( I7 )  for input  as f i l e  3 %
490 J7 = K7(T7) # RHD + 1
500 i f  A$(J7)  <> 'X' then A$(J7) = 'X' e l s e  go to 490
510 input  3%,  B$ for  A7 = 1 % t o  J7 
515 p r i n t  mid(B$,  1%, 3%) ' a na l y ze d '
520 B% = B7 + 17
540 T% = v a l ( m i d ( B$, C 1 7 ( I 7 ) ,  1%))
545 i f  T* = 5 then go to 600 
550 X7(I7)  = X7(I7)  + 1%
560 i f  Tjt s 0 then Y7 = Y% + 17
570 i f  Y% < FNA(R7, X7(I7 ) )  then 0 $ ( I 7 )  = ' ACCEPT' :go to 
620
580 i f  Y% > FNR( R%, X 7( I 7) )  then 0 $ ( I 7 )  = ' REJECT' :go to 
620
600 i f  B7 <> K7(I7)  then c l o s e  3%: go to 480
610 0.«i(I7) = 'NO DECISION*
620 c l o s e  3%
630 i f  Q U ( I 7 )  = 'None' then X $ ( I %) = "  
e l s e  X$(I7)  = ' ( '  + numU(X?. ( l7) )  + ' ) '
635 next  1%
640 i f  0$ ( 17 )  r • ACCEPT' then 0$ (1 %) = 'PREVIOUSLY'
650 i f  0 M1 7 )  = ' REJECT' then 0 $ ( 1 7 )  = ' DEFICIENT'
660 p r i n t  S1$;S2$;S3$;S4$
670 f o r  17 = 17 to  37
680 p r i n t  T * ( I 7 ) ,  01 $(  I f  ); Q2$ (1% ); Q3$ (1% )
690 next  1%
700 input  'Have you made any e r r o r s  in e n t e r i n g  t h i s  s k i l l '  
w$
710 i f  l e f t ( w $ ,  170 s - ’ y'  then p r i n t  'You may REENTER t h i s  
s k i l l ' : go to 410 
720 p r i n t  17, ' . t s  28,  40,  52,  64,  76,  88'
306
; Q2 $(1 %);
; Q1 $ (3 50 ;
730 p r i n t  1ft, S1$; '
’ ;Q1$(2f t ) ; '  ’ ; 0 $ ( 2 f t ) ; '
750 p r i n t  1ft, S 2 $ ; ' I 
760 i f  0$(1ft)  = ’PREVIOUSLY’ then p r i n t
e l s e  p r i n t  1ft, ' ’ ;X$(1%); ' | ' ;
770 p r i n t  1ft, Q2$(2f t ) ’ ’ ;X$(2?S);'
' ' X$(3 ft)•
780 i f  0$(1%) = 'PREVIOUSLY' OR 
S3$ <> "  OR 
Q3$(1%) <> "  OR 
Q3$(25S) <> ' ' OR 
Q3$(350 <> ”








p r i n t  1ft, 
’ ;Q3$(3ft)
! i
790 i f  o$(150 
’ ;X$(15t);' 
e l s e  p r i n t  1ft, '
800 p r i n t  1ft, 0 3 $ ( 2 f t ) ; '
810 i f  S4$ <> ' '  then p r i n t  1ft, S4$
820 p r i n t  1ft, ' |
830 input  'Are t h e r e  any more s k i l l s  t o  be analyzed for  t h i s  
c ha p t e r '  W$
840 i f  l e f t ( W $ ,  1ft) = 'y'  go to  410
850 i f  l e f t  (W$, 1ft) = 'n' then c l o s e  1ft e l s e  go to 830 
900 end
! '
